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STORAGE OF COTTONSEED AND PEANUTS UNDER 
CONDITIONS WHI(^,H MINIMIZE CHANGES IN CHEMI- 
CAL COMPOSITION ' 


liy Ma(’K F. Stansbchy, (issiatatit rhrniisl, and .John I) (ii pukik, srnior rhrtutsf. 

Southern Regional Research Lahoratorg, liuieau of Agi leultural and Industrial 

Chernistrij, Agricultural Research Administration, f dated Stales Depaitment 

of Agriculture - 

INTRODUCTION 

In tlu' inv(‘stipition of th(' (‘lu^nical (‘oinposit ion of cotlonsiH'd and 
poaniits, a nndJiod of storage* holds clninj^c's in clnMnical (‘oin- 

position to n niiniinuin is noodtul wh(‘n(‘V(‘r sample's an' colh'rle'd in 
considorahh' niinilx'rs and all cannot Ix' worked on at tlx' sanu' tinu'. 
Such a me'thod of storage' would also make' it possible' to ke'e'p at hand a 
colh'ction of typical sample's ne'e'ele'd for inve'sti^ative' weirk e'xte'nelin^ 
e)ve'r a conside'rahh' pe'riexi e)f tune* The' e'hie'f obje'ct eif the' pre'se'iit 
inve'stipitie)!! was to finel a satisfaclorv me'the)el for storing ce)t lonse'e'el 
sample's for at least a ye'ar withe)ul appre'e'iabh' chanjrc' in che'inical 
composition. Fremi a consich'ration of repe)rts in the' hte'rature' 
it would se'e'in that the' storage of pe'anuts doe's not |)re'se'nt as elillicult 
a problem as cottonsee'el storage. Nevx'rthe'h'ss, a few sample's of 
peanuts we're' inclueh'd in the' stora<>:e' e'xperime'iits. 

Me^st see'ds re'tain tlu'ir viability be'st whe'n ke'pt elry ami at le>w 
te'inpe'rat lire's (S, /7). Sinii)son {10, 11) fe)unel this to be' true' lor e'otton- 
seed. He also showe'el that little or no incre'ase' in fre'e' fatty aciels 
occurre'el when cotte)nse'e'd with a moisture* e'ontent of h'ss than 9 per- 
cent was ston'd for 2 years at 21° (\ When cotteinse'eel sample's we're* 
stored at 1°, little* or no increase in the* fre'e* fatty ae'id e'e)nte*nt took 
place eve'll at a meiistun* conte'iit of 14 {le'rcent With the* literature 
on se*ed viability imel Simpson’s ex])erime*nts on e*otte)nse*e'el as a ^uiele*, 
it se'e'ine'd like'ly that a satisfae'tory method for the storage* of c'ot ton- 
seed woulel be to elry the* sample's to a moisture* e*e)nte'nt eif S pe'rce'iit 
or h'ss and store at a te*nipe'rature* of 1° or be'low. I leiw e've*!*, the* 
possibility that storage* at a meiisture content of S percent or h'Ss at 
room temperature (25°-28°) might prevent any apprecialile change 
in cheiiiical compositiein maele* it aelvisable* te) ine'luele this me'lhod of 
storage as we'll. 

* Ke'ceave'd for puldication July 11, 194r». 

2 The* authors wisli to thank II. W. Barn* and D. M Simpson of the* Biire'au 
of Plant Industry, Soils, and Agricultural Kngine'cring. V. S 1 )e'partincnt of 
Agriculture, for .supplying the cottonseed, and B. B. Higgins, of tin* (h'orgia 
Agricultural Fxperinx'nt Station, for supplying the* peanuts The author^ are* 
also indf'bted to Walter Pons, Jr , Vidabe'lle Orr, Richard H ReJunson. Alva 
Faust, and Dorothy II. IVtty for aid in making some of the* che'inical analyte's. 

* Italic numbers in parenthese's re*fer to Literature* (^ite*el, p. hi. 


Journal eif Agricultural Research, 
Washington, D. 


( 49 ) 


Veil. 75, No. 2 
July 15, 1947 
Ke*; Ne). F -101 



50 


Vol 75, No. 2 


Journal of AgHcultural Research 

SOURCES OF SAMPLES 

The cottons(^ed samples were obtained from the field deterioration 
studies of the Bureau of Plant Industry, Soils, and Agricultural 
Engineering. These samples included successive pickings from six 
varieties grown at six locations in the Cotton Belt in 1941 and seven 
varieties from a similar experiment in 1942. A few samples from the 
regional storage tests of the Bureau of Plant Industry, Soils, and 
Agricultural Engineering wen^ used in some of the experiments. 

Four samples of peanuts were obtained from the Georgia Agri- 
culttiral Experiimuit Station. 

METHOD OF STORAGE 

Most of the cottonseed samples had a moisture content of b('tw('en 
7 and 8 percent at the Ix'ginning of the experiment . A f(»w samples 
which contained more than 8.3 jx^rcent moisture W(‘r(' dried Ix'fon^ 
storage by placing th(*m in a clos(‘d 30° C. forced-draft circulatory 
oven containing a tray of anhydrous calcium chloride until the mois- 
tur(‘ content of the seeds reached about 7 p(T(*ent.^ Th(‘ sam])les 
wcr(‘ mixed thoroughly, divuhxl into four equal portions, and each 
portion was placed in a sealed container. One-gallon tin cans were 
used for the larger samples. These were sealed with parallin. Mason 
jars were used for the smaller samples. One part of the sample was 
analyzed, and the other thr(X' j)arts were stored at room temperature*, 
in commercial cold storage at 1°, and at —18° (\ 

Th(‘ sample's of unshelled peanuts were* store*d in closexl, but un- 
st'aleel, metal cans at room temperature, at 1°, and at —18° C\ 

METHODS OF ANALYSIS 

Moisture, total nitrogeui, oil, iodine number of the oil, anel free 
fatty acid content of the*- oil were det(*rmine*d by the metliods of the 
Ameu-ican Oil (Chemists’ wSociety (/). The me'tlmd of Gre*enbank and 
Holm (6*) was use*-d for the de*terinination of the* peroxide* number of 
the oil, Otlu*r methods are* de*scribed in the* following paragraphs. 

FREE FATTY ACIDS IN THE OIL 

Some of the cottonsee*d sami)h*s were too small for free fatty acid 
determinations by the me*thod of the* American Oil Chemists’ Seiciety. 
For these samples the following method, dejve*lopeel by Carroll L. 
Hoffpauir of this laboratory, was us(*d: 

Duplicate 2-gm. sample's of kern(*ls were obtained by removing the 
hulls. The; kernels were cut fine or (*rimped and shaken with 100 ml. 
of Skellysolve F for 2 heiurs on a mechanical shaker. The extracted 
oil was obtained by evaporation on the steam bath of 50-ml. portions 
of the extract filtered into fared 100-ml. oil-(*xtraction flasks. After 
the weight of the oil was determined, it was dissolved in 10 ml. of 
Skellysolve F and 25 ml. of redistilled 95-percent ethyl alcohol. 
About 5 drops of 0.05-percciit m-cresol purple indicator were added, 

^ The possibility that drying? in this way might affect the seeds adversely 
was checked by the determination of catalase activity before and after drying 
No appreciable change in catalase activity was found.* 
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and tho solution was litratod willi 0.01 N alcoholic NaOlI until a 
purple color apixaircul. A stream of (XK-frec' air was 1)u])1)1(h1 throujj:h 
the solution during th(‘ titration. Blanks W(‘r(' run on th(‘ reagents 
and corrections made. 

REDUriNO SUGAFiS 

Approximately 100 ^m. of cottonseed v\(*re drienl for 80 minutes at 
100*^ to 105^ (\, cool(‘d, and d(*hulled in a Bamu’ mill. The kermds 
w(‘re separat(*d hy scnnuiiu^ and ground to a tine m(‘al through the 
Bauer mill. Approximat idy 40 ^m. of the ground keuiu'Is were wci^h(‘d 
into extraction thimhh's and exti‘act(‘d in a Soxhh't apparatus with 
Sk(‘llysolv(* F for S hours to r(‘move most of the' oil. The material 
was tlum extracted for 20 hours with 70-])(‘rc(Mit ethyl alcohol. Tln^ 
alcohol was removeal from the extracts hy h(‘atin^ on the steaim f)alh 
with fr<‘(tuent addition of watea*, and th(‘ (‘Xtracts weae* transferred to 
r)00-ml. volumetric flasks, leaded, mad(‘ to volume, and dc'hanh'd in 
th(‘ customary maniua*. Realucmo; supirs wea’c* dctcatnimal on oO-nil. 
ali(|U 0 ts hy pr(‘cif)itatin^ cuprous oxid(‘ according to the* Munson- 
Walkea* <i:(ai(a*al method {2, ]i. 500), followcal hy us(‘ of th(‘ volunuMric 
p(aanan^anat(‘ method of the Association of Official Aji:ri(*ult ural 
Olnanists (2, j). 501 502). Rcalman^ sugars w(a‘(‘ cal(*ulat(‘d as 
jj;lucos(*. 

TOTAL SUGARS 

Alicjuots of tli(* dchanh'd extracts prcpaiaal for th(‘ nalucin^-su^ar 
d('t(a*minations W(a*(‘ usial for the (h4(aar ination of total siipii's, in- 
cluding raffinos(‘. Ali(iuots of 100 ml. wiau' phnaal in 2r)0-ml. flasks 
and hydrolyz(al hy Inaitm^ umha* ndlux condcaiscas for 2k> hours on 
tile stiauii hath \^ith 10 ml of IlOl (sp ^r. 1.125). This lonjx hydi*oly- 
sis was luaa'ssary to insur(‘ compl(‘t(‘ hydrolysis of raffinosi'. Tln^ 
solutions wca'c coohal, neutraliz(*d with NaOH. and jnad(‘ to 250 ml. 
in voluuK'tric flasks Suirars wcaa* (h'tcainincd on 50-ml. aliciuots in 
th(‘ sam(‘ niamua* as for rtalucing sugars, and calculatial as invaa’t 
supir. In sonu' of th(‘ total supir d(*lenninations, tin* TO-perciait 
alcoholic extract of oil-fre(^ kcaands pn'parcal for ])rot(an soluhility 
d('t(a’m illations was used. 

R\FFINOSE 

Ali(|uots of the dehauhul extracts pr(*pan‘d for the nalucin^ su^ar 
d(‘t(M'minations were used for th(‘ determination of raffinose in the 
preseuice of sucrose* hy the* elouhlc e*nzymatie* hyelreilysis m(*thexl e'f the 
Asse)e*iation e)f Oflie-ial A^rie*ultural ('he^mists (2, p. Little*, if 

any, siie*rose was lounel in the sample's of e*e)ltonse*eel ke*rnels analyzeel. 
The* inve*rtase* was pre*])are*el freun baker’s yeast anel the* inve*rtase*- 
nielihiase freun hre*wer’s ye*asl. Be)lh seilutions were ce)ncentrat(*el 
hy ultrafiltratie)!! (2. p. ^^02). 

C VTM.ASE 

Appre>ximately S gm. e)f e*otte)nsex*d we*re eihlaiiie'd hy mixing:: «nel 
re'dueinjx the entire* sample*. The se*e*els ^^er(* s[)lit hv hand, the* kerne*ls 
w^ere ivmoved, chopped fine, mixenl thoroui^hly, anel 1 ^m. was trans- 
ferred te) a Waring hle*nde)r. The* kernels were* ^Tound with 75 te> 100 
ml. of wate*r, the siele*s of the* hlendor jar hein^ wash(*d denvn periodi- 
cally with a little water. When a uniform suspension was ohtained, 
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it was transferred to a volnmctric flask and made to 200 ml. Catalase 
activity was determined immediately on 5-ml. aliquots, by using a 
modification by Davis of Appleman's apparatus described in Miller’s 
Plant Physiology (7). Determinations were made at 25° C. with 
5 ml. of extract, 5 ml. of pH 7.1 phosphate buffer, and 5 ml. of 3- 
p(‘rc(‘nt IT 2 O 2 neutraliz(Hl with CaCOs. Volumes of oxygen were 
read at 1-, 2-, and 3-minute intervals, but only the 2-minute values 
will be report(Hl here. 

PROTEIN SOLUBILITY 

The Skellysolv('-F-extracted residues from the free fatty acid deter- 
minations were air-dri(»d, ground to pass a Ifi-mi'sh screen, and 
extracted with diethyl ether for 3fi hours in a Soxhlet exti-actor. The 
oil-fr(‘e residue was ground to pass a 60-mesh scr(‘en, and hull frag- 
ments were remov(‘d by screening. The material was allow(‘d to air- 
equilibrate and the relative protein solubility was determined by the 
method of Olcott and Fontaine (8). Results were calculated as percent 
of th(' total nitrogen peptized by 0.5 N Nad solution. 

EXPERIMENTAL RESULTS 

Approximately 100 samples of cottonscM'd from the 1941 field det(»- 
rioration studies of the Bureau of Plant Industry, Soils, and Agricultu- 
ral Engineering were stortnl. The free fatty acid content of the oil was 
determined on all the samples at the time of storage and after storages 
After the elimination of data on certain samples b(‘caiise of qm^stion- 
able accuracy of the original free fatty acid values, as indicated by 
their failure to correlate with germination valu(*s supplied with th(‘ 
samples, and the elimination of other samph's too small to Ix' included 
in all three storage conditions, the samples were groupcxl acx'ording 
to the original free fatty acid values and averages wi'n^ calculated for 
each storage condition. The summary of thes(» rc'sults is givcui in 
table 1 . A small inen^ase in the free fatty acid content occurred in th(‘ 
samples stored at room temperature (25°- 28°), but no incr('as(‘ was 
observed in the samples stored at 1° and at —18° C. The appanuit 
decrease in free fatty acids observed in some of the sample's stored 
at —18° might not have been a real decrease', but possibly one arising 
from the difficulties inhe'rent in the sampling of cottonseeel. This 
conclusion receiveei support from the data eibtained in subsequent 
experiments, e'specially those' rc'porteei in table 5. 


Table 1 . — Free fatty acid content of the oil after storage of cottonseed in sealed 
containers at various temperatures 


Method 

Raiigc of free 


Average free fatt> acid content of oil 

fatty acid con- 
tent of oil 

Hainple.s 

Start of test 

18 month .s 
26« -28'’ (\ 

18 months 

JO 

18 inonth.s 
— IS'’ (’ 

A. 0. C. S .. 

1)0 

Do-- - .’i 

Micro ' . 

Percent 

01 to 0:1 .. - 

3 to 2.2 - . . 

2 2 to 30.0 . . 

1 to .3 .. 

3 to 2.2 

Number 

25 

2 

3 

16 

12 

G 

Percent 

0 2 

6 

19 3 

1 4 

Percent 

0.3 

.8 

22 8 

3 

2 2 

7 9 

Percent 

0.2 

5 

18 6 

2 

1 3 

6 9 

Percent 

0 2 
6 

10 7 

1 

Do 

H) 

1)0 

22to 120 ... . 

i t 1 

7 .. 
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Fiv(' of tho larger sainph's from the 1941 field deterioration studies 
were s(d(‘cted to cover the range of fr(‘(‘ fatty acid content of the 
entire group of samples. The results of analyses made for fn'e fatty 
acid content of th(‘ oil, iodine number of the oil, peroxide^ number 
of the oil, total nitrog(Ui conttmt of iho k('rn(‘ls, and ca,talas(‘ activity of 
the k(Tnels are given in tables 2 and 8. The data show a small increase 
in the free fatty acid content of the oil in the samples stored for bS 
months at room temp(*rature, but no incr(Mis(‘ in tin* sample's stored 
at 1° or —18° C. A small decrease in th(‘ iodine number of the 
oil may have' oce‘urre'el in the' sample's stene'el at room te'inpe'ratuT’c, but 
otherwise ne) appre'ciable e'hange in ie)eline‘ numbe'r, pe'imide number, 
te)tal nitre>ge'n e'onU'iit, or catalase' activity took place uneler any 
of the storage conelitions. It is of intere'st to ne>te' that the e^atalase 
ae*tivity of high five fatty aciel cottonse'e'el was consiele*rably leiwe'r 
than that of low fre'e' fatty acid sample's. 

Six samples of leiw anel high free fatty aciel e‘e)ntent fremi the 1941 
e*re)p we're steiivd at room te'inperature for 24 niemths te) ascertain 
whethe'r or not any e*hange‘ in sugars woulel take ])hice. The ivsiilts 
are' shown in table' 4. A slight de'crease* in re'due*ing sugars was observeel 
for all sam])le‘s. Altheiugh the elata se'e'iii to sheiw a small average' 
ine*rease'. in raffinose' anel a ele'e*rease in teital sugars upon storage at 
room te'inpe'rature', it is preibable that such change's arej due* to errors 
inhe'rent in samjiling cottonse'eal and hydrolyzing sugar extracts and 
do not re'pre'sent re'al e*hange's. It is worth neiting that the' raflinose 
content of the ke'rne'ls of le)W free fatly aciel se'e'els was appre)ximate'ly 
8 pe'iea'iit, as compaie'el with 8 pc're'e'ut lor high five* fatty aciel see'ds. 

Ge'rminatiem eleterminatiems on 10 select e'el sample's stored for 18 
meinths at room te'inpe'rature, at 1°, anel at --18° C. slunvc'el no 
apjm'ciable change fremi tlie value's founel be'fore' the sample's we'ro 
shipjie'el to this laboratory. 

With the' re'sults ein the' 1941 storage* e'xpe'riments tei serve as a 
guide, 20 sam])le's were se'h'Cte'el fremi the 1942 crop eif the* fie'ld ele'- 
terioration stuelie*s me'ntioneel abene. The'se ine*lueleel se'e'el sample's 
which were high anel leiw in free fatty aciels anel ine’luele'el 7 varietie's 
of cottonseeel. The' 20 sample's, witli meiisture* e'ontent between 7.4 
and 8.8 pe'rcent, were analyze'd feir total nitreige'ii anel teital eiil e*onte'nt 
of the whole see'el, and free fatty aciel content eif the oil. After storage 
for 14 months the sam])le's we're* analyzeel again. The results are 
given in table 5. 71ie*re was no appreciable e'hange in total nitrogen 
or oil conte'iit during storage, but a significant iiUTe'ase in the five 
fatty aciel content of the* oil occurre'el in the* samples steuvel at reieun 
te'inperature*. No significant e-liange* in fie'e* fatty ae*iel conte'iit eif 
the oil was eibservenl in the samples stoivel at 1° eir —18° C. for 14 
months. 

Se'ven sample's of cottonsee'el se'h'cti'd feu* high and low’ free fatty 
aciel content were analyzed for total sugars and relative protein 
solubility of oil-free kernels, storeel for 14 months at the* various 
tempe'ratures, anel analyzed again. The results are give'ii in table t). 
Apparently, a small increase* in total sugars anel in relative* protein 
solubility took place during storage at all te'inpe'rature's. It is likedy, 
howe'.ver, that this W’as due to some syste'inatic erreu* of sampling anel 
analysis and that a significant increase diel not o(‘cur. Especially is 



Table 2. — Analyses of the oil after storage of cottonseed at various temperat 
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Tablk 3.~ Total nitrogen content and catalase activity of the kernels after storage of 
cottonseed at various temperntnres 


Analysis No. 


A8()7 .. 
A874 . 
A91>4 
AU202 
AB2tW 


I 

I Total nitromni (diy basi^) 


At start 
of test 

IK 
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2r>" 
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JK 
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,C. 

IS 
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-1S"(’ 

lU'Tceut 
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1 1'rr(ent 

h 49 

' (i .AK 

h art 

\ (» ()S 

T) im I 

(» H) 

(i 14 I 

1 (> 19 

A (12 1 

4 US 

5 12 1 

; 5 14 

(J M 1 

(t 49 ; 

♦i 1(» 

f, 4'i 

1 (» M I 

' 1 

(. K7 . 

1 

(i K(l 

<> SO 


('atalasc* (nil 


Ifs 

At start I months, 
of test i 2fy‘ 2 K^ 

I (’ 


12 y j.{ I 
r.i 1 I s 

Id T) ' 11 0 

11 .w 

:i 4 4 d 


(>2 111 2 mm ) 


1 

IH I IK 
inoiitlis, I months, 

r l-iK'-'C' 


13 

3 

12 

1 

13 

A I 

11 

4 

11 

9 1 

9 

9 

r) 

7 

A 

3 

3 

9 

3 

0 


ibis iiTio of total siipirs (b‘tc*miinations, wb(‘r(‘ acid liydrolysis of the 
sii^ar extracts ])robably gives variable r(‘sults. Additional data for 
tb(‘ prot(‘in solubility on T) samples stonal 14 months at room ti‘m])(‘ra- 
tiire are given in tabh^ 7. An increase in ndative protein solubility 
was observed in only 1 of th(‘S(‘ samj)les. Very litth* change was 
found in the protein solubility of the exti-acted mtad after it was stored 
for 14 months. This is in agreement with the results of Olcott and 
FontaiiK' {9), Tin* pH values on the NaCM I'Xtrac'ts of the meals were 
also ()bserv(*d to bt* relat iv(4y iinchang(»d. 

The results of an (*xperim(*nt in winch four samph*s of unsh(‘ll(*d 
peanuts W(*re stonul in closed, but unseal(*d, metal cans at room 
temperature, at 1°, and at — C\, for 30 months, an* shown in 

tables 8 and 9. A slight increase in the free fatty acid content was 
observ(*d in ro()m-tenip(*ratiire storage, but no in(‘ri‘as(‘ occurred at 1° 
or at —18®. The incn'ase in free fatty acids was vc'iy largi' for one of 
the samples that molded at room temperatin'c*. This sam])li* had 
been analyzed at the end of 0 months' storagi* at room t<*niperature 
and was then in good condition. The total nitrog(‘n and oil content 
of the kernels and the iodine number of tin* oil r(*main(*d ri*latively 
constant under all the storage conditions for all tin* sa.nij)l(‘s (*xcept the 
one that molded at room ti*mperatiire. Slight changes in tin* moisture 
content of tlie kernels in this experiment may have* been due to the 
fa(‘t that the cans W(*re not s(*ale<l. In contrast, nom* of the cotton- 
seed samples, which W(*r(* stor(*d in cans s(*al(*d with paraffin or in 
mason jars, showed any appreciable changi* in the moisture content 
during storage at the various t(*mp(*ratures. 



Table 4. — Sugar content of the kernels after storage of cottonseed at room temperature 
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Tabll o . — Effect of storage of cottonseed at vorwus temperatures on its chemical composition 
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Table 7.— Ifelalivc protein soluhility of the ether-extraeted kernels after storage of 
cottonseed and cottonseed meal at room temperature 







1 Relative protein solubility i 
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Table 9. — Analyses of the kernels of unshelled peanuts after storage * at various temperatures 
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Storage of Cot^imeed and Peanuts 
SUMMARY 


Cottonseed samples may be stored for more tlian a year without 
appreciable change in total nitrogen, total oil, free fatty acid content, 
iodine, or peroxide number of the oil, or catalase^ activity of the kernels 
by diying to a moisture content of 8.3 percent or lower, placing in 
s('ale(l containers, and storing at 1® C. or below. Under this type of 
storage at room temperature a small incn'asc' in tlu' fr(*e fatty acid 
content of the oil occurs. Unshelled peanuts may be ston'd for more 
than 2 years in closed cans at U C. or below without appreciable 
change in the total nitrogen or oil content of the kernels, or in fret' 
fatty acid contt'iit or iodine number of the oil. 
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NONPROTEIN AND CAROTENE AS AN INDEX OF 
PLANT ACTIVITY IN RANGE FORAGE ^ 

By W. E. Watkinh 

Nutrition chemist and associate in animal husbandry, 

New Mexico Agricultural Experiment Station 

INTRODUCTION 

The protein contained in plant tissues is combined in two general 
classifications of compounds; tru<‘ proteins and nonprotein nitrogenous 
substances of simpler composition sueii as amides, amino acids, and 
their derivatives. These nonprotein nitrogen com[)ounds, according 
to Maynard (5)^ and Morrison (^), are abundant when plant gj-owth 
is rapid but are less plentiful at maturity. 

It is also generally agreed, as stated by Maynard { 3 ), that all green 
parts of growing plants are rich in carotene, while mature plants 
contain much less. Negligibhi carotene values have been reported 
by Watkins (6‘) during the periods of dorman(*y. In (wperiments 
with rats Smith and Stanley 05) found the early-(‘ut blue grama grass 
to be twice as potent as the mature grass in vitamin A, and 100 times 
as potent as the November cuttings. 

It is generally accepted that the percentages of nonprot(‘ln nitrogen 
and carotene in plants ai*e higher during gi-owth than during dor- 
mancy, but just how much higher has not Ixuui known. In particu- 
lar, there has been V(iry little information concerning the amount of 
nonprotcin nitrogiui present in some of th(‘. range grasses and browse 
])lants during the various stages of growth and maturity. This paper 
reports the results of monthly and n'gular sampling of various j ange 
grasses and browse plants of southern New M(»xico (*overing a period 
of 65 months, together with nonpiotein nitrogen valiu's for 1 1 of th(» 
principal species of grasses and 2 browse plants; caroteni' v^alues are 
reported for 2 of the principal grass(‘s. 

EXPERIMENTAL PROCEDURE 

The arrangement of the plots and the systcun of coll(‘ction of the 
range forag(‘S have been reported in detail by Watkins (7). The 
grass was harvest(‘d to a height of 2 % or 3 inches from the ground 
depending upon the species. The January samples include all growth 
produced since the preceding January. Likewise the August samples 
include all grow th produced since the previous August. The duration 
of this study was 65 months. One portion of the sample was taken 
immediately for carotene analysis while the other portion was plained 
in canvas sacks, w^eighed, and kept in a drying oven for 7 days at a 
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temperature of approximately 60® C. It was then placed in an un- 
heated conditioning oven for another 7 days, after which it was pul- 
verized in a Wiley mill and placed in glass-stoppered sample bottles 
for analysis. This plan was rigidly followed for all samples. 

The total nitrogen and the albuminoid nitrogen were determined 
on the various forages by the methods of the Association of Official 
Agricultural Chemists (2). The nonprotein nitrogen values are the 
total nitrogen less the albuminoid niti’Ogen. These three different 
nitrogen systems were converted to protein by the use of factors. 
The total nitrogen was changed to crude protein by using the factor 
6.25, and the albuminoid nitrogen was converted to true protein by 
using the same factor. The nonprotein nitrogen was converted to 
nonprotcin by using the factor 4.7 as suggested bv Armsby (7) . Here- 
after in this paper the data and discussion will be with the various 
proteins rather than with the various nitrogen systems. 

The carotene was analyzed according to the method of the Asso- 
ciation of Official Agricultural Chemists {2) with slight modifications 
(6). Briefly, the procedure consists of subjecting the pulverized 
sample to saponification in aldehyde-free alcholic potassium hydroxide 
and extracting with peroxide-free ethyl ether. The ether solution, 
after washing free from chloropbyllins, flavones, and alkali, is distilled 
under reduced pressure, the residue taken up in petroleum ether (boil- 
ing point 35°-60° C.), and the xanthophyll removed by washing with 
92-percent methanol. 

The most important range grasses of southern New Mexico, which 
were studied intensively and sampled monthly, are black ^’ama 
(Bouteloua eriopoda) and mesa dropseed {Sporobolus flexuoms) . These 
were harvested from plots on the experimental ranch of the New 
Mexico College of Agiiculture and Mechanic Arts, which lies at an 
altitude of approximately 4,200 feet above sea level and has an 
average rainfall of 9.3 inches, of which slightly more than 50 percc^nt 
usually occurs in July, August, and September. This is normally the 
season of comparatively rapid plant growth. 

Vincc-mesquite grass (Panicum oltusum)^ alkali sacaton {Sjwrobolus 
airoides), and side-oats grama {BouUloua curtipendula) w(‘re harvesttnl 
and sampled every 60 days, while saltgrass {DistiMis stricta), bush 
muhly (Muhlenbergia porteri) f chamiza {Atriplex canescens)^ and sand 
sagebrush {Artemisia flifolia) were harvested and sampled every 90 
days. These forages were collected from the experimental ranch. 

Range forages were also collected from plots near Estancia in 
central New Mexico, where the altitude is approximately 6,140 feet 
above sea level. Average annual precipitation is about 13 inches. 
Maximum temperatures in this vicinity seldom exceed 98® or 99®, 
but minimum temperatures of 10® to 20° below zero are not uncommon. 
The forages were collected fom* times a year from this area and in- 
cluded blue grama {Bouteloua gracilis), slender wheatgrass {Agropyron 
pauciflorum) , crested wheatgrass {A. cristatum), smooth bromegi’ass 
{Bromus inermis), saltgrass, alkali sacaton, and chamiza. 

EXPERIMENTAL RESULTS 

Two range passes which were studied rather intensively were mesa 
dropseed and black grama. In addition to the monthly harvest, other 
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samples were secured at various times during the growing season. 
The data for these two grasses, which include avc'rage results for 
(Tilde protein, nonprotein, and carotene ovit a pi^riod of y(»ars, 
are presented in table 1. 


Tabi.b 1 . — Average monthly crude protein, nonprotein, and carotene values for 
mesa dropseed and black grama over a period of 65 months 
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' Milligranit* <if c*Hr()t(*n(‘ {kt kilogram of f<H'<i, dry basis. 


The samples designated by ^^3()-day ^’owth'' were from tlu' series 
which were colh'ctiHl every 30 days diuing the gj'owing period; thos(‘. 
designated ‘M 5-day growtld’ w(T(‘ (‘ollected every 15 days during th(» 
m*owing ])eriod. These' two series n'presentc'd material from immature' 
but actively growing grass. The ‘^Be'ginning of growth’’ sam]d('s 
we're taken once a year at the' beginning of the growing season whe'ii 
the grass hael attained a lieigJit of 5 or 6 inches. The sample's col- 
lected at the e'lid of giowth we're a separate se'ries anel we're take*n as 
soon as frost occurred. 

A comparison of the' nonprote'in, crude prote'in, and carote'iu' con- 
tent of mesa dropseeel will indie'-ate at least the general pattern of 
growth habit of this plant. Ci*ude protein values wc're liigliest during 
September, which shows tliis to be the pe'riod of most vigorous growth. 
If the carote'Tie value's are consiele'red as an index of plant activity, 
the mesa dropseed was active from April to November. Usually the 
mesa dropseed grass dies vhtually to the gixiunel with the' adveuit of 
freezbig weather the last of October or the first of November*. Me're 
traces of (‘.arotene were found in dormant mesa elropseeel plants eluring 
December, January, February, and March. If the nonprotein values 
are studied during these months when the grass is dormant, it will be 
seen that they were rather low, averaging approximately 0.61 percent. 
Values of over 1.00 percent were obtained from May to October 
inclusive. Plants harvested dui’ing the period of most active growth 
had nonprotein values of from 2.05 to 2.61 percent; thus, high non- 
protein values were (iirectly related to vigorous growth. The non- 
protein percentages of the grasses collected every 15 or 30 days during 
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growth are among the highest values obtained with plants other than 
browse and apparently represent active growth rather than mere 
activity. 

Black grama grows on the mesas, hills, and dry open CTOund of 
large areas of range land in Texas, New Mexico, Arizona, and southern 
Utah. The upright stems of this grass remain ^een for a distance of 
4 to 6 inches from their bases throughout the winter. A comparison 
of the crude protein of black grama with that of mesa dropseed in 
table 1 reveals higher values for the mesa dropseed during the mowing 
season, but higher values for black grama during the so-called dormant 
season. Caiotene is present in black grama throughout the year. 
During the usual months of dormancy there are significant amounts 
of carotene that may in many cases provide for the requirements of 
beef cattle dm’ing the gestation and lactation periods {6 and 7). 
These winter carotene values are accompanied by winter plant 
activity. All the average monthly nonprotein values of black grama 
were above or only slightly below 1.00 percent. The analyses of this 
grass revealed 1 1 instances of low nonprotcin values. The average of 
these 11 values was 0.66 percent and may represent the nonprotein 
content of black grama in nearly complete dormanev. This quantity 
is very similar to that obtained for mesa dropseed during its dormant 
period. If this figure of 0.66 percent is subtracted froni the average 
nonprotein of black grama for each month, the remaining nonprotcin 
value seems to accompany certain plant activity. In black grama 
this plant activity continues tliroughout the year, although at a much 
reduced rate. 

The carotene and nonprotein values for the mesa dropseed and 
black grama grasses presented in table 1 agree in showing plant 
activity. When the simple correlation was c^culated between caro- 
tene and nonprotein, a coefficient of 0.625 percent was obtained for 
black grama and 0.48 percent for mesa di’opseed (table 2). These 
correlations are higlily significant and seem to establish the fact that 
nonprotein values as well as carotene may be used in estimating plant 
activity. Although there is a relation between these numerical 
values and plant activity, the proportion does not appear to be direct. 
The nonprotein and carotene data for each of the two grasses have 
been averaged by months and are presented in figure 1 for comparison. 


Table 2. — Correlation of nonprotein (x) and carotene {y) in black grama and mesa 

dropseed 


Grass 

Number of | 

Sum of squares and products 

Correlation 

coefiicieiit 


(K)mpari6ons 


Stv 

Sv^ 

Black grama 

59 

8.34 

411.06 

52. 064. 4 
76, 769. 8 

0.625* 

Mesa dropseed - 

59 

22.44 

634.30 

,48* 



•Highly significant. 


A number of other grasses and forage plants were studied diming 
regular but less frequent intervals. It is obvious that with 60- or 90- 
day sampling, the data are necessarily incomplete. However, there 
are observations which are worthy of attention. In studying the 
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Figure 1. — Average carotene and nonprotein content of mesa droj)seed and black 
grama covering 59 months. 


nonprotein values for various grasses and browse plants, which are 
presented in table 8, it will be assumed, as stated earlii^r in this paper, 
that a nonprotein value of over 0,66 percent represents an increment 
of plant activity. The value of 0.66 percent se(*ms satisfactory for 
black grama, but may be slightly high for the dormant ]ieriod of some 
of the other grasses as is indicated by their February and March 
values. Since this seems to be true with this limited amount of data, 
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the nonprotein percentages of 0.66 or above readily become significant 
in determining plant activity. Most of the ^’asses arc above 0.66 
percent in non protein from May to October with the period of most 
active growth occurring within this time. Bush muhly grass is an 
exception and has moderately high nonprotein values which remain 
constant for ('ach sampling time. This grass is similar to black grama 
in that it remains partly green throughout the year. 

Table 3. — Percentage of nonprotein in variovs grasses and browse collected at 60- or 

90-day intervals 
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Oliamiso, an evergr(‘en browse plant, has a high percentage of non- 
protein. Results from Estancia in central New Mexico showed that 
the percvcntages of nonprotein for chamiza were lowc'st in Decembc'r. 
Since winter temperatures of 10® to 20® below z('ro arc' common in this 
area, it is possible that during the winter this plant has much l(»ss 
activity in central New Mexico than in the southern ])art of the State. 
Sand sagebrush is another evergreen browse plant with pj-onouncc'd 
gi’owth during the growing season but with much less activity during 
the rest of the year. Crested wheatgrass and smooth bromegrass 
have significant high nonprotein values from March through Sep- 
tember. Field observations also confirm the fact that these two 
grasses are very early starting in the spring. This is one of the 
reasons why they are being used for pasture reseeding purposes at 
some of the higher altitudes. 

The botanist and plant breeder may make, use of this nonprotein as 
an aid to field and other observations, if, when planning a project, the 
albuminoid nitrogen as well as the total nitrogen is to be determined 
upon the plant material. 

SUMMARY 

The percentages of non protein in various New Mexico range forages 
are presented. Some of the range grasses and browse plants have 
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continuous plant activity throughout the winter, though the rate of 
activity in certain species is much reduced. Tlu' pej-centages of 
nonprotein for black grama and mesa dropsei'd grasses are cJos(dy 
correlated with the carotcTUi level. Analyses of th(» nonprotcnn, as 
well as of the crude protein and carotene values wluui these were avail- 
able, together with field observations, formed tlu' basis for estimating 
the plant activity of these forages. 
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ALTERNARIA BLIGHT AND SEED INFECTION, A CAUSE 
OF LOW GERMINATION IN CERTAIN RADISH SEED 
CROPS ^ 

By D. M. McLean 

Research assistant, Section of Botany and Plant Pathology, Michigan Agricultural 

Experiment Station 

INTRODUCTION 

The production of radish seed is an important agricultural specialty 
in certain areas in Michigan. Seed crops usually are grown by 
farmers on a contract basis for various seedsmen and harvested seed 
must meet a minimum germination standard of about 85 percent. 
Seed crops which show substandard germination as specified by the 
seedman’s tests frequently are discarded with a loss to the growers. 

Seed crops of substandard germination generally occur in seasons 
of excessive rainfall subsequent to harvest, and it is during sucli 
seasons that radish plants usually are seriously blighted by infections 
of the Altemaria fungus. The disease is present in a greater or lesser 
degree every year. 

In 1944 a project was initiated at the Michigan Agricultural Ex- 
periment Station to study the causes of low germination of radish 
seed crops. In a series of experiments Barrens and McLean^ show(»d 
that the occurrence of low-germinating radish sec^s may be influenc(‘d 
by high moisture in the storage bag after threshing. The growth of 
parasitic and saprophytic organisms was not correlated with high 
moisture during storage. In another experiment with samples of 
seeds from low-germinating lots they found ap})roxiinate)y 40 percent 
infection by species of Altemaria, Four species of Altemaria wer(' 
isolated from infected seeds harvested from a single planting. 

Further studios were made in the field and in the laboratory during 
the season of 1945 to correlate pod infections by Altemaria with seed 
infections as a cause of low germination. This article rc^cords the 
results. 

SYMPTOMS OF THE DISEASE 

Since several species of Altemaria have been isolated from radish 
seeds (Raphanus satmiR L.) taken directly from diseased pods, it is 
assumed that each organism must have invaded the seeid through 

‘ Received for publication May 22, 1946. Journal article No. 820 (ii.s.) from 
the Michigan Agricultural Experiment Station. 

* Barrons, K. C., and McLean, D. M. a study of the causes of low 
GERMINATION OF RADISH SEED CROPS. Midi. Agr. PJxpt. Sta. (^uart . Bui 27: 
398-408. 1945. 
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Figure 1. — Lesions on radish seed podseaused by Alternaria raphani. 

the pods. No attempt has yet been made to determine the symptoms 
of the infections caused by each species. From a great number of 
isolations made from leaf, stem, pod, and seed infections Alternaria 
raphani Groves and Skolko has been observed. The symptoms, 
as they are described here, are those caused by infections of this 
fungus in inoculation experiments. 
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FiQtrRE 2. A, Seedbed showli.R effect of ^H«T«ken 

radish seeds; a, seeds taken from apparently healthy ^ds; b seeds “““ 

diseased pods. B, Radish seedlings: a, Infected by .1. rapharn; h, healthj. 


Infections first become evident on tlie leaves of the fuu ing 
and may be found from the basal leaves to the 
lesions fii'st appear as very small yellowish-colored, siigiitly 
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spots one-half millimeter or less in diameter. With age, the lesions 
enlarge to approximately a centimeter and become roughly spherical 
to broaden elliptical. The centers of the older spots are of a thin, 
translucent, papery consistency usually accompanied by an olivaceous 
to grayish or blackish growth of the fruiting fungus. On older leaves 
the centers of the lesions may drop out leaving a ^^shot-holed^’ ap- 
pearance. Individual lesions usually are bordered by a slightly raised 
margin or ridge. The fungus generally sporultites abundantly on the 
foliar lesions. , 

Before the seeds are mature, early" pod 'and stem infections are 
visible as purplish to brownish irregular lesions (fig. 1). During 
j)eriods of abundant rainfall, infections are ^o severe that entire pods 
may be included in the lesion. Usually, the stylar end of the infected 
pods is blackish and shriveled. When mature, the infected pods 
are often covered with blackish lesions from pin-point size to a 
centimeter or more (figs. 1 and 4, By a). Only rarely are spores found 
on the pod lesions; however, some pods may be covered with a mass 
of olivaceous to blackish-colored spores. The fungu8,piay be readily 
isolated from pod infections. Stem infections are coinpion and the 
lesions resemble those on the pods (fig. 1). Infections may occur on 
exposed parts of the root crown, causing dark circular lesions. 

The fungus penetrates deep into the pod tissues and may infect 
the immature seeds in the pods. W^here young pods are severely 
infected the seeds may not develop. In older pods, the seeds may be 
shriveled and show efarkened areas on the seed coats (fig. 4, tB, a). 
Infected seeds may not germinate or pre-emergence or postemergence 
damping-off of seedlings may occur (fig. 2, A, B). Any portion of 
the seedling may be attacked. The fungus may readily bo isolated 
from diseased seedlings. 

SPECIES OF ALTERNARIA ISOLATED FROM RADISH SEEDS 

IN MICHIGAN 

Four species of AUemarin have been isolated from i^adish seeds 
taken from crops grown in Michigan (fig. 3, A-~D). Groves and Skolko ^ 
determined seven* species of Mtemaria, of which six are definitely 
pathogenic, from a great number of agricultural seeds collected from 
nearly world-wide sources. These writers have very adequately 
described the species found in the present investigation Of the 
four species found infecting radish seeds A. raphani is the most com- 
mon and is extremely pathogenic. A. brassicae and A, oleracea, 
which are pathogenic to seedlings of various cruciferous hosts,® have 
been observed in only a few instances. A. tenuis includes the generally 
considered saprophytic forms and is common in plate cultures from 
radish seeds. 

It is not the purpose of this pa^er to go into a detailed discussion 
of nomenclature. Elliott,'^ Wiltshire,® and Groves and Skolko ® have 

* GrovBvS, J. W., and Skolko, A. J. notes on seed-borne fungi, ii. alter- 
NAaiA. Canad. Jour. Res. Sect. C 22: 217-234, illus. 1944. 

^ Elliott, J. A. taxonomic characters of the genera alternaria and 
MACR ospoRiuM. Amer. Jour. Bot. 4: 439-476, illus. 1917. 

“Wiltshire, S. P. the foundation species of alternaria and macros- 
PORIUM. Brit. Mycol. Soc. Trans. 18: 135-160. 1933. 




FinUKE 3. — Photoniicrogiraphs uf spores of four species of AUernann from radisli 
seeds: A. raphani; B, A. oleracea; C, A. hrassivae; />, A. tenuis. 


thoroughly discussed the genus Alternaria. The identification of 
the species found in this investigation has been verified by Dr. J. W 
Cxroves.® 

® The writer acknowledges his indebtedness to Dr. Groves, of the Central 
Experimental Farm, Department of Agriculture Otta\^a, Canada, for the veri- 
fication of the species here discussed. 
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EXPERIMENTAL METHODS AND RESULTS OBTAINED 

In a preliminary series of experiments conducted in 1944, it was 
found that a relatively high percentage of seeds of low-germinating 
seed lots were infected by parasitic and saprophytic organisms. Seed 
samples from a number of radish crops showing germination of 40 to 
80 percent were obtained from seedsmen and growers in the State. 
Seeds from each sample were surface-sterilized by dipping them in 
1 : 1,000 corrosive sublimate for 10 minutes after which they were 
rinsed in sterile water and placed on a potato-dextrose-agar medium 
in Petri plates. After several days, the Aliemaria fungus was grow- 
ing from as many as 40 percent of the seeds in certain samples. The 
counts of infected seeds were made without attempting to determine 
the relative number of species. Fusariuniy PenicilUvyriy Rhizopmy 
and certain bacteria were present in occasional instances, but these 
were not considered a principal cause of low germination. A. raphani 
was the organism most commonly found on seed samples of low 
vitality. Groves and Skolko also found species of Alternaria to be 
the most common organisms on low’-germinating radish seeds in 
Ontario, Canada. 

Seed treatment with the common dust materials did not signifi- 
cantly increase germination in the low-germinating samples. The 
same result was obtained by Groves and wSkolko.^ Infected seeds 
treated in a water bath at 50° C. (122° F.) for 25 minutes gcTininated 
free of Alternaria on agar media. Hot water treatment, however, did 
not increase germination percentages in low-geiminating diseased 
seeds. It seemed evident that whatever the cause of low germination 
it was operative before the seeds were marketed or (ven before they 
were harvested. With this point in mind, furthcT experimentation 
was feonducted in 1945. 

Diseased plants with mature pods were colh*cted in the field and 
brought to the laboratory, where they were thoroughly dried. Setnls 
from individual diseased pods showing numerous lesions and seeds 
from individual pods apparently free from infection were placed on 
potato-dextrose agdr in Petri plates in the same position that they 
occupied in the pods. These seeds were not surfacc'-sterilized, but 
were transferred directly from the pods to the Petri plates. After 
several days, seeds from pods with numerous lesions shoAved 75 to 80 
percent infection with Alternaria, Often all the sends in the diseased 
pods were infected (fig. 4, By b). Usually, the seeds directly beneath 
the pod lesions were infected and frequently the seed coat showed 
dark markings. Seeds from pods which had only an occasional lesion, 
the majority of which appeared healthy, likewise frequently showed 
10 to 15 percent infection. A. raphani wasdhe only fungus observed 
in this experiment. 

In another experiment, seeds were taken from diseased pods and 
from apparently healthy pods for testing germination (fig. 4, Ay a 
and 6). Seeds taken from diseased pods wore slightly smaller than 
those from apparently healthy pods and many showed dark markings 
on the seed coat. Seeds which were shriveled and those which proba- 


^ See footnote 3, p. 74. 
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Figi rk 4. A, 0, Uadish soods taken from pods infected with AUeniarm, showing 
dark areas on seed coats; seeds taken from apparently healthy pods. a, 
Diseased radish pods; /j, Aj raphani growing on seeds taken from diseased pods 
and placed on potato-dextrose agar. 

bly would be eliminated in the cleaning; process after threshing; were 
removed from the lot. Samples of 500 seeds taken from diseased 
pods and from apparently healthy pods wt^re planted in sterilized 
sand. After 9 days the number of afti»dling;s were counted in each 
case. The results are presented in table 1 . 
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Table 1. — Germination percentages of radish seeds taken from diseased pods and 
from apparently healthy pods 


Block No. 

Seeds from diseased pods 

Seedlings 

infected 

Seeds from apparently healthy pods 

Planted 

Germinated 

Planted 

Germinated 

Seedlings 

infected 

3 

Number 

100 

200 

200 

600 

600 

Percera 

36 

27 

36 

31 

32 

Percent 

9 

10 

11.5 

Number 

100 

200 

200 

600 

600 

Percent 

90 

87 

81 

86 

85 

Percent 

13 

14 

14.6 

4 

6 







The data in table 1 show (1) that Alternaria infection causes a 
marked reduction in germination of seeds harvested from diseased 
pods, and (2) that seed taken from apparently healthy pods in a 
diseased planting may be infected even though there is little evidence 
of pod infection. The experiment was repeated several times with 
similar results. A. rapharvi was the only fungus isolated from the 
diseased seedlings. 

Lesions were observed on the cotyledons, hypocotyl, and roots of 
diseased seedlings, and infected seedlings frequently damped oif 
(%2/?,a). 

It was during the course of this experiment that cultural variations 
were noticed in the different Alternaria isolates from infected seeds. 
A detailed study of the different isolates led to the identification of 
the species previously mentioned. A raphani was the species most 
commonly observed. 

DISCUSSION 

The results of the foregoing experiments have shown that infection 
by Alternaria is a principal cause of low germination in radish seed of 
certain crops. Groves and Skolko * found a direct correlation l)e- 
tween germination and the presence of A, raphani in seed samples 
in which germination ranged from 14 to 65 percent. This species 
was the only pathogenic fungus that ^peared consistently in all 
their samples in a high percentage. The organisms otluii* than 
Alternaria which arc frequently isolated from radish seeds arc* probably 
unimportant as a cause of low germination. For the most part they 
appear to be saprophytic and occur during the curing process before 
the seeds are dry. High moisture during storage may cause increased 
infections by the Alternaria fungus. When pod infections occur, 
the spores are mixed with the seed during threshing, and the mycelium 
may continue to infect the seeds and give a moldy appearance to the 
crop. 

Since it has been shown that percentage germination of seeds from 
diseased pods is lower than that of se^s from apparently healthy 
pods, it appears that low germination may be correlated directly 
with pod infections in the field. This seems to be indicated also by 
the periodicity of good and bad seed crops in Michigan. Radish 
plantings for seed crops are blighted with Alternaria infections nearly 


* See footnote 3, p. 74. 
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every year in Michigan. In certain seasons crops are harvested 
which give high germination percentages, while in others germination 
is low. Low germination percentages are usually found in seasons of 
excessive rainfall when Alteruaria infection is serious. Various reasons 
have been given to account for low germination during these years, 
including (1) poor pollination, (2) wet weather during the curing 
period, (3) excessive moisture after sacking from the threshing 
machine, and (4) the prevalence of seed-borne pathogcMis. Some of 
these reasons are correlated with conditions which favor infection by 
Alteruaria, 

Since neither fungicidal seed treatments nor hot water disinfection 
of diseased seeds necessarily induces a higher germination of infected 
seed, control measures must be applied in the field. Inasmuch as 
Alteruaria ra2)haui seems to be the principal cause of the disc^asc and 
apparently has been isolated only from radish, it follows that if disease- 
fre(‘ seed were planted the severity of seed infection might be controlled 
by destruction of the source of primary inoculum. 

SUMMARY 

Four species of Alteruaria have been isolated from low-germinating 
radish seeds in Michigan. A. raphani causes infections of the leaves, 
stems, pods, and roots of radish plants and is the most common para- 
sitic species that has been isolated. Seeds taken from infected pods 
frequently show 70 to 80 percent infection. This species is also 
pathogenic to seedlings. A. raphani is considered to ho the cause of 
infection in the field which results in low germination in inf(»cted 
seed crops. A. hrassicae and A, oleracea are found only raridy and 
probably are not of primary importance as a cause of low germination 
in seed crops. A. tenuis is a type commonly found on radish seeds, 
but it is considered to be mostly saprophytic. Penicilliumy Rhizopus, 
Fusariunij and certain bacteria frequently are found in seeds after the 
curing process. 

Fungicidal dust treatments of low-germinating seeds have failed 
to give significant increases in percentage' of see'dling counts. Hot 
water treatment for 25 minutes at 50® C. (122® F.) killed the Alt(rnaria 
pathogen in infected seeds. Such treatment, however, did not 
increase germination precentages in low-genninating sc'cd lots. 
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GROWTH RESPONSES TO ORGANIC COMPOUNDS BY 
TOBACCO SEEDLINGS IN ASEPTIC CULTURE ‘ 

By UoBEKT A. Steinberg 

Physiologist, Division of Tobacco, Medicinal, and Special Crops, Bureau of Plant 
industry, Soils, and Agricultural Engineering, Agricultural Research Administra- 
tion, United States Department of Agriculture 

INTRODUCTION 

Investigations on the responses of plants to organic compounds of 
natural and synthetic origin have recently tended to assume consid- 
erable importance. The increased knowledge of the biocliemistry 
of plants tlius obtained has been utilized for making more practical 
the methods of producing mutants, rooting cuttings, and preventing 
fruit drop and for improving materials for the protection of plants 
against micro-organisms and insects. On the other hand, soil toxicity 
due to organic substances has been shown to exist (7).* The action 
of crop residues on the growth of subsequent crops {3) also may be 
partially of similar origin. Knudson (4) and others demonstrated 
that sugars and other compounds may be absorbed by the plant 
through its roots and lead to increased growth. No necessity exists, 
theromre, to justify the further use of this experimental procedure. 

The studies dealt with in this paper originated when the observation 
was made that seedlings of the Robinson strain of Maryland Medium 
Broadleaf tobacco grown in aseptic culture under low-intensity arti- 
ficial light at constant temperature did not pass through the rosette 
stage on an 8-hour day. The attempt to eliminate this formative* 
effect of light led to a study of the influence of organic compounds of 
natural origin on growth. Though most of these data are for tobacco 
seedlings grown with a short day, it is believed that they do not differ 
in any important degree from those obtainable for plants grown with 
a long day. 

MATERIALS AND METHODS 

Seedlings of Maryland Medium Broadleaf tobacco were* grown 
aseptieally in 20()-cc. Pyrex Erlenmeyer flasks containing 50 cc. of 
nutrient solution solidified with agar. The solution used was that 
developed bv AIcMurtrey (6*), and the 20 X solution contained water, 
1,000 ce.; Ca(N 03 ) 2 . 4 H 20 , 29.16 gm.; KNO3, 2.19 gm.; Mg(NOz). 
()H20, 3.19 grn.; KFI 2 P 04 , 5.75 gm.; Mg804.7H20, 3.08 gm.; and 
NH4CI, 1.50 gm. The micronutrients in this (concentrated solution 

* Received for publication August 23» 1946. 

^ Italic numbers in parentheses refer to Literature Cited, f). 91. 
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comprised zinc, 10.0 mg.; coppei, 2.5 mg.; manganese, 20.0 mg.; and 
boron, 10.0 mg. Iron was aaded separately to the diluted solution 
as ferric chloride at a concentration of 3 p. p. m. After dilution of 
this solution and addition of iron, 2 percent of sucrose, and 1.15 
percent of agar, the medium was heated and put in flasks, which were 
then plugged with absorbent cotton and sterilized at 15 pounds^ 
pressure for 30 minutes. The organic compounds under test were 
added to the flasks before they were filled with the medium. 

Seed was sterilized with 1:1,000 silver nitrate for 15 minutes, 
washed with three changes of distilled water, and poured into pre- 
viously sterilized petri disiies containing several layei*s of filter paper. 
The seedlings were transferred to the flasks after a germination period 
of 6 to 7 days at 25® C. The use of a pair of magnifying spectacles 
(2.5 X) was helpful. A flamed platinum hook with a sharpened 2-mrn. 
prong was moistened with sterile distilled water and brought in con- 
tact with the seedling, and the latter was transferred to the agar. 
The seedling adhered first to the platinu.m needle and then to the 
agar. Seedlings with a total length of 5 mm. w(^rc readily handled, 
as the radicles could be pushed into the 8 gar with the back of tin' 
prong. 

The seedlings were grown at 25® C. in lighted incubators under 
3,500® white fluorescent lamps furnishing 500 foot-candles of illumi- 
nation for 28 days. On harvesting, the seedlings were freed from th(» 
agar, rinsed with water, pressed between absoroent paper, and dried 
at 103® to 105® for 4 hours. Usually the values shown are the 
average of four duplicate cultures. The cultures were', weighed in 
pairs. Contaminated cultures and abnormal plants were discarded, 
jnjury to seedlings during transfer, immei’sion of cotyledons, and 
exposure of tin* radicles caused marked reductions in growth. R(‘- 
jections due to these causes were about 10 percemt. 

EFFECTS OF SUGARS ON GROWTH 

Growth in a medium containing sugars under the experimental con- 
ditions used is shown in table 1. The average dry weight obtained 
after 28 days of growth with 8 hours of light daily was 4 mg. The 
seedlings formed stems immediately and lour to six leaves of good 
color. With continuous illumination the total yield per plant aver- 
aged 68.9 mg., the leaves were normal in shape and color, and tlie 
rosette stage was just on the point of termination. The main effect 
of sucrose (2 percent) was on the vigor and rate of growth of the seed- 
ling; the yields became 19.7 mg. with 8 hours of daily illumination 
sand 150.5 mg. with continuous illumination. 

The effects of other sugars and compounds listed in the table were 
studied on seedling grown under 8 hours of daily illumination. Onlv 
with D-glucose and D-fructose did growth increase approach that witli 
sucrose. D-fructose, however, caused root injury. None of the other 
compounds tested, with the possible exception of D-xylos(i, caused an 
increase in growth. 
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Table 1. — Growth of tobacco seedlings, Maryland Medium Rroadleaf, with various 
sugars in aseptic culture for 28 days at 25° C. and 500 foot-candles of fluorescent 
white light for 8 hours daily 


Troatinont or coin pound 
(20 gm. IHT liter) 

Aver- 

age 

total 

yield 

1 

Ap- 
IK^ar- 
anee > 

Treatriieiit or coniiiound 
(20 gm. iH*r liter) 

Aver- 

age 

total 

yield 

Ai»- 
IH’ar- 
anc*<' ' 

Control* 

8-hour day 

MillU 

{frams 

4 0 

S,8 

L-Arahinose ... .. ... 

MiUi- 

gramn 

1 4 

S, 9 

8-hour day with sucrose 

19 7 

S, 8 
R. 10 

D-Mannitol 1 

2 3 

S, 8 

Continuous day . - - 

98 9 

Calcium citrate 1 

3 fi 

8,8 

Continuous day with sucrose 

150.5 

R. 10 

Calcium I )-glueonate . . . 

3.9 

8, 0 

I)-Olucose - - - - 

15. 6 

S,« 

Calcium 2-keto-l )-gluconate , . . 

.9 

8. 4 

I)-Fructose . . 

14 0 

2 s, 8 

Calcium 5-keto-l)-gluconate 

.5 

8, 1 

I>-Mannost? 

1, « 

R,8 

Calcium I)-lactate .. 

. 7 

8, 4 

1) -Galactoses. . . — . 

0 

9 

Potato starch. . .. . 

1 1 

8, (\ 

L-Sorboso 

.8 

8,8 

Sucrose4-T)-mannose 3 ... 

18.9 

2 R/2, 8 

D-Xylosw 

7.5 

8,8 

1)0 < .... 

n 9 

2 R, 1(1 

1 )-Arabinos(s .. 

0 

4 

1 ) 0 ' ... .. . . . 

0 3 

2 R, 10 

1 


I S, school or stem; U, rosi'tto; R/2, partial losctU*. Rated fioin 0 (white) to 10 (dark jjreeii). 

* 8hort roots, injury. 

3 Mannose at 10 gm. tier liU'r. 

* Mannoso at 20 khi. per litei . 

« Mannose at W gm pei liter. 


D-mannoso ai)p(*aro(l to be the only conipound that inhibited sttnii 
formation, tliat is, aid(‘d passage tlii'ough tlie rosette stap\ It was 
not possibh? to eliminate premature sttnn formation with fi-maniiose, 
however, without dt'ereasing yield. A mixturt' of 10 gm. of D-rnan- 
nose and 20 gm. of sucrose was partially (effective in promoting rosette 
formation without seriously diminishing yield. 

Figure I illustrates the types of growth obtain(*d on an 8-hour and a 
24-hour day with and without sucrose, firowth with various sugai*s 
is shown in figure 2. 



ticuRE 1. — Maryland Medium Hroadieaf tobacco seedlings, 3 weeks old, grown 
aseptically on mineral agar at 25° C. with 500 foot-candles of fluorescent 
white light: A, With 8 hours of daily illumination but without sugar in medium; 
B, with 8 hours of daily illumination and 2 percent of sucrose in medium; C, 
with continuous illumination but without sucrose in medium; B, with contin- 
uous illumination and sucrose in medium. 
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Figure 2. — Maryland Medium Broadleaf tobacco seedlings, 3 weeks old, grovui 
aseptically on mineral agar at 25® C. with 600 foot-candles of fluorescent white 
light: A to //, With 8 hours of daily illumination — without sugar (A) and with 
2 percent each of sucrose (B), D-glucose (O, D-fructose (/)), D-mannose (E), 
D-galactose (F), L-sorbose (fr), and D-xylose (H); I and J, with continuous 
illumination — without sucrose (/) and with 2 percent of sucrose (J). 

EFFECTS OF AMINO ACIDS ON GROWTH 

The results of tests with amino acids on growth of tobacco sec^d lings 
are shown in table 2. All media contained 2 percent of sucrose, and 
the cultures were grown on ^n 8-hour day. Growth was diminished 
almost without exception at a concentration of 200 p. p. m. of amino 
acid. d-Arginine hydrochloride, f-cystine, and di-ornithine hydro- 
chloride proved least toxic in the order given. 

Toxicity at a level of 200 p. p. m. was associated with excessive 
acidity in the case of i-aspartic acid (pH =3.98), d-glutamic acid 
(pH=4.08), i-histidine dihydrochloride (pH=4.07), and d-lysine 
dihydrochloride (pH =3. 99). Cultures of excessive acidity were 
easily recognized oj failure of the agar to gel. The acidity factor, 
however, was probably of minor importance in itself at the above- 
mentioned acidities. Glycine (pH=4.96), Wiydroxyproline (pH= 
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Tahlk 2 . — Growth of tobacco seedlings, Manjlnmt Medium Brondleaf, with 2 'percent 
of sucrose plus various ammo acids in aseptic culture for 28 days at 26^ C, 
and 600 foot-candles of fluorescent white light for 8 houis daily 


Control or compound (200 mg 

Average 

total 

Appear- 

Control or comjiound (200 mg. 

Average 
total 
y ield 

Appear 

I)cr liter) 

yield 

ance • 

per liter) 

ance * 


Aim- 

gramn 



MUlU 

grams 


Control - 

20.1 

S,8 

<//-lsolcucinc 2 - 

1.8 

R, 4 

Alanine 

.4 



d-L>sine dihydrochloridc* 

2. 0 

R,4 

rf/-a*Amino-7? -butyric acid 

0 


d/-Methionine 

4.8 

S,8 
R, 2 

rf- Arginine hydrochloride . 

18 H 

S. 8 

d/-Norleucine ... . 

.5 

/-Asparagine - 

/-Aspartic acid - - - 

.5 

R,0 

d/-Ornithine hydrochloride 

13 9 

8, 8 

2 0 

R,0 

d/-/5-rhenylaianine . . .. 

10.1 

S, 8 

/-Cystine 

15.0 

S, 8 

/-Prolinc- 

. 1 

K, 2 

d- Glutamic acid - - . 

.0 

R,2 

d/-Scrine- 

0 


(}lutathione 

1.4 

R, 2 
K, 1 

c//-Thrconine ... . ! 

.2 

R.2 

G lycine 

.5 

/-Tryptophane 1 

.0 

/-Histidine dihydrochloride 

4.8 

R, 8 

/-Tyrosine 

10.4 

.3 

S, 8 

/-llydroxyprolino 

/-Leucine 

0 

9 2 

d 

S, 8 

dZ-Vaime.. 

R, 2 


> S, Shoot or stoiii; R, rosctt<*. Rated from 0 (white) to 10 (dark green) 

2 Seedlings grown with i//-isoleueine showed inhibition in growth of apical bud, suekering, and strap leaves; 
fill typical symptoms of frenching. 


4.92), (/Z-isoleucine (pH=--4.89), Z-proliiio (pll=4.76), rf/-sorinc (pH= 
4.78), (/Z-tlii*eonine (pH — 4.78), and /-tryptophane (pH—5.14) were 
very toxic though having acidities comparable to that of tlie control 
(pH==4.51). All these acidities were measured at the time of liarvesl,. 
Initial acidity of the control W’as equivalent to a pH of 5.11. 

In no instance was shoot development inhibited by an amino acid 
at a concentration of 200 p. p. m. except when it cheeked all growth. 
(M)lorosis when present was not distinctive as a rule but (*onsisted in 
a uniform bleaching of all leaves except the cotyledons. 

Marked and characteristic abnormalities occurred only in the 
presence of f//-isoleucine {9), The rosette condition persisted with 
(//-isoleucine because of inhibition of stem and sucker growth and 
profuse development of the axillary leaves. As compared with the 
(‘ontrols, an excessive number of leaves wert' formed whicli ('xhibite^d 
a slight mottling and varied from narrow to “strap leaf.'’ The 
general appearance of these leaves was very similar to that of heaves 
of tobacco plants affected with the disease known as frencliing. 
Divergencies, of course, existed. These difference's consisted in the 
ahs(>!nce of a distinctive reticular chlorosis, the presence of curved 
leaf margins, the absence of pale bud and leaf margins, and tlie 
presence of the characteristic waving and ruffling of the strap-leaf 
margins. 

The appearance of seedlings grown in a medium containing (//-iso- 
leucine is shown in figures 3 and 4. Strap-leaf format ion was noticeable 
in 14 days and occurred in the firet pair of leaves formed. It is im- 
probable that these responses were associated with an impurity, foi 
similar results were obtained with two different samples purchased 
several years apart from the same manufacturer and witli a third 
sample from a second manufacturer. 

Additional tests were made with the most toxic of the amino acids 
at a lower level of concentration (50 p. p. m.). The n^sults are 
given in ^ble 3. Most of these amino acids were ratluT toxic under 
the conditions of the tests even at these high dilutions. 
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Table 3. — Growth of tobacco seedlings, Maryland Medium Broadleaf, with 2 per- 
cent of sucrose plus amino acids of high toxicity in aseptic culture for ^8 days at 
26^ C. and 600 foot-candles of fluorescent white light for 8 hours daily 


(Control or commiund (50 mg. per 
liter) 

Average 

total 

yield 

C’ontrol - - 

iWtf/i. 

gravis 

17.9 

(//•Alanine 

/-Aspartic acid 

(/•Glutamic acid 

.2 

9 6 
. 7 

Glycine 

4 

/-Histidine dihydrochloride 
/•Hydroxyprolinc- 

11.2 

(//•Lsoleucinp 

4^2 



Apijear- 
anw‘ • 


Control or coinjwund (50 mp. p(*r 


Average 

total 

yield 


Appea^ 
an«‘ ‘ 


MiUi- 


H,8 

R,2 

8,0 

Ti,2 

R, 2 

S, 6 

2 ' R ,'6 


dMHoleucine^ — 

Do.a .... 

d-Lysine dihydrochloride 

Z-Froline . >. 

dl-Serine 

d/-Threonine 

/•Tryptophane. 

d/-Vaiine ... 


grams 

a. 1 

1.7 
11.0 

4 

3 

1 « 

8.8 
.5 


< R, 4 
•R, 2 
S, 0 
S, 2 
S, 2 
S, 1 
R, 8 
R, 1 


1 8, Shoot or stein; R, rosetU\ Rate<l from 0 (white) to 10 (dark green). 

* Narrow leaves. 

8 100 mg. iier liter. 

* Narrow and strap leaves. 

• 200 mg. per liter. 

• Strap leaves. 


The frenching response with d/-isoleueine persisted but with dimin- 
ished severity. For example, strap leaves were not formed at the 
lowest concentration though the widths of the leaves were decreased 
by more than half. It is possible, however, that a search would 
reveal conditions under which the action of di-isoleueine would be 
exhibited at even a lower eoneentration tlian 50 p. p. m. It was the 



Figure 3. — Maryland Medium Broadleaf tobacco seedlings grown aseptically at 
25® C. with 500 foot-candles of fluorescent white light on mineral agar contain- 
ing 2 percent of sucrose and 200 p. p. m, of dWsoleucine: A, Seedlings 4 weeks 
old, grown with 8 hours daily illumination; B, same seedlings after being 
grown an additional month with continuous illumination. 
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Fkjuhe 4. — Maryland Medium Broadleaf tobacco seedlings grown from Septem- 
ber 5 to October 25, 1945, at 25° C. with 500 foot -candles of fluorescent white 
light and continuous illumination on mineral agar containing (^4) 2 percent, of 
sucrose and (B) 2 percent of sucrose phis 200 p. p. m. of f//-isoleucine. 

only ono of the 2d amino acids capable of causing a specific* j (‘sp(>ns(‘ 
of this nature' at this coiK^e'iitration. 

Other amino acids can modify the action of r//-isoh‘Ucine on growth 
of tobacco seedlings (fig. 5). When 50 mg. per liter of rf/-isoleucin(' 
was used with 20 mg. of another amino acid, a wide difference' in 
response appeared. Increases in growth were effected by /-aspartic 
acid, Z-cystiiic, glycine, Z-histidine dihydrochloride, /-leucine, 
ri-lysinc dihydrochloride, c//-methionine, c//-norleucine, (//-^-phenyl- 
alanine, /-prolinc, and (//-threonine. The controls with (//-isoleucine 
had narrow leaves showing a diffuse chlorosis, whereas all admixtures 
except those with dZ-alanine, /-hydroxy proline, and /-tryptophane 
produced seedlings with leaves having the clearly defiiu'd reticular 
chlorosis so characteristic of freiicliing. (//-Alanin e /-hydroxj^proline, 
and /-tryptophane caused sharp decreases in yiehl. (//-Alanine and 
/-tyrosine, however, seemed to neutralize to some dt'grt't' the abnormal 
morphological effects of d/-isole\icine, while /-hydroxyproline and 
/-tryptophane seemed to accentuate tlu'se (strap-leaf formation). 

A summary of the characteristic symptoms of the various amino 
acid toxicities appears in table 4. The divergencies and similarities 
in gross morphomgy resulting from excesses of individual natural 
amino acids are listed. The quantities involved ranged from 0.25 
to 2.5 mg. per seedling, if only those acids included in the table are 
considered. Symptoms of abnormality vary greatly and include loss 
of doininance, or death of the apical" bud (retention of the rosette 
condition and inhibition of stem growth and of suckering); various 
leaf mottlings, streaks, and blotches; and narrow, strap, ruffled, 
twinned, and rim-bound leaves. Therefore, abnormalities in protein 
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Figure 5. — Maryland Medium Broadleaf tobacco seedlings grown at 25° (’. 
with 600 foot-candles of fluorescent white light and continuous illumination 
on mineral agar containing 2 percent of sucrose and 50 p. p. m. of dZ-isoleucinc 
plus additional amino acid at 20 p. p. m.: Ay None (control); B, r/Z-alanine; 
C, glycine; Dy /-hydroxy proline; E, d/-isoleucine. 

metabolism consequent to disturbances of mineral nutrition or 
physical-environmental factors may comprise in part tlu* mechanism 
through which such aberrations are made (*vident as abnormaliti(»s 
in gross morphology. 

Table 4 . — Sympioms in tobacco seedlingsy Maryland Medium Broadleaf y due to 
excessive concentrations of the more toxic natural amino odds 


Sym()toms of toxicity othei than retarded growlii 


Chlorotic spots at apex and marf^ins. 

Largo, faintly chlorotic spots. 

Large white blotches. 

Faint interveinal chlorosis. 

Small, faintly chlorotic spots. 

Inhibition of buds; streak chlorosis, thick, dowii-einieti 
leaves; brown, dead leaves; riin-bound lt*a\ es 
Loss of apical dominance, narrow leaves, inoulmg. 

Reticular chlorosis. 

Inhibition of secondary rrwt growdh. 

Faint interveinal chlorosis. 

General mottling. 

White leaves.* 

Ix)S8 of apical dominance; isolated milled strap leaves, rim- 
bound, twdmied, pointed, and withered -zone leaves; 
suckering. 

Largo white blotches. 


* White leaves are believed to be a general .symptom due to excess quantities of amino acids; 20 p. p. in 
of the amino acids listed as causing this condition did not prevent normal morphological growth. Specific 
abnormalities in gross morphology will probably be (ound to occur at intermediate concentrations. An 
interesting symptom, root blackening, was also caused by high concentrations of tyrosine. 

These growth effects of the free, natural amino acids, like those of 
D-mannose and commercial peptones (p. 89), would seem to minimize 
the need for assuming the existence of hormones regulating all the 
activities of plants, because it is evident that the ordinary metabolic 
products of the cell in themselves can exert a hormone action on the 
growth processes of plant tissues. The hormone action of other 
natural metabolites also may be the explanation for the similarities 
in response to dissimilar synthetic growth substances causing root 
initiation, epinasty, cailus formation, and other growth correlations. 


Compound 

Concentra- 

tion 


P. p. m. 

rff- Alanine 

5 

/•Aspartic acid. 

50 

d-Glutamic acid . 

20 

Glycine 

40 

/•Histidine dihydrochloride. . 

50 

/-Hydroxy prolihe . 

5 

(//-Isoleucine.. .. .... 

50 

d-Lysine dihydrochloride ' 

d/‘NorIeucine 

50 

20 

/-Prollne . 

40 

d/-Serine 

40 

df-Threonine.- 

50 

/-Tryptophane 

20 

dZ-Valine 

20 
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None of the vitamins used (table 5) appeared more than very 
slightly beneficial to the growth of Maryland Medium Broadleaf 
tobacco. Pyridoxine and ascorbic acid gave slight increases in yield 
which, however, did not exceed the limits of experimental precision. 

It is interesting to note that certain peptones also brought about 
slight increases in yield. The important leature about these responses, 
however, was not the slight increases in yield that were obtained, but 
the evidence for the relative nontoxicity of peptones and proteoses as 
compared with amino acids and the peptide glutathione. Some of these 
peptones (Bacto-tryptose, Bacto-protone, Proteose-peptone) appeared 
favorable to retention of the rosette condition despite the short day, 
but the response did not appear regularly. 


Tablk 5. — Growth of tobacco seedlingSy Maryland Medium Broadleaf ^ with 2 ver- 
cent of sucroHc plus vitamins or peptones in aseptic culture for 28 days at 25° C. 
and 600 foot-candles of fluorescent while light for 8 hours daily 


Couliol 01 compound 

Aver- 

ag(‘ 

Appear- 

(1.0 mg. per liter) 1 

total 

ance * 

. 

yield 

- 

Control 

Milh- 

l/raviH 

19.6 

8,8 

Biotin » 

20.4 

S 8 

Thiamine chloride 

14. K 

S,8 

[pyridoxine 

23 H 

8,8 

Nicotinic acid 

19.5 

8,8 

Riboflavin < . . - 

19.0 

S,8 

Ascorbic acid--- 

22 4 

8,8 

Calcium d-pantothenate 

19.7 

i 8,8 

p- Amino benzoic acid . 

19,8 

8,8 

Folic acid »--- 

19 3 

8,8 

Jndole-3-i)ropionic acid 

11 7 

8,8 

I ndolo-3-acctic acid . . - . 

11 1 

8,8 



Aver- 


('ontrol or compouiul 

age 

Appear- 

(21K) mg. per liter) 

total 

yield 

ance * 


araniH 


Oasamino acids 2 . 

6 5 

8,2 

Bacto-peptone » 

22 7 

i 8,8 

Peptone (Witte) 

20 4 

1 8.8 

Malt extract 2 

18.8 

8,8 

Yeast extract 2 

1 8 

1 8,2 

Bacto-tryptose * 

22 8 

R/2, 8 

Bacto-protone 2 .. i 

18 0 

R/2, 8 

Bacto-tryptonc 2 

Ifi 9 

8,8 

Proteose-peptone No. 4 2 . - . 

23 1 

R/2, 8 

Neoiieptone 2 . 

19.3 

8,8 


' S, Shoot or stem; R/2, partial rosettt*. Hatod from 0 (white) to JO (dark green). 
2 Fiorii Difco Laboratories. 

•’ 10 gammas per liter. 

< 0.4 mg. per liter. 

' 0.1 mg. per liter Courtesy of Crof. Roger J. Williams. 


EFFECTS OF PURINES AND PYRIMIDINES ON GROWTH 

Excesses of metabolites other than amino acids may behave similarly 
in producing abnormalities in gross morphology. At concentrations 
of 200 p. p. m., for example, adenylic acid, guanylic acid, uracil, 
guanine, guanosine, and hypoxanthine brought about faint mottling. 
Adenine caused formation of white leaves because of excessive toxicity. 
Faint, glossy, dark-green leaf blotches also were evident with xanthine, 
guanosine, and hypoxanthine. With all of these products of nucleic 
acid decomposition except adenine yields were almost normal. Growth 
with adenylic acid, uracil, and xanthine was, indeed, slightly better 
than that of the controls. Glutathione (table 2), a tripeptide, was 
also rather toxic and would probably cause production of specific 
symptoms at its toxic threshold. 
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DISCUSSION 

Persistence of the rosette stage preliminary to shoot elongation varies 
considerably with different varieties of tobacco. The variety used in 
these experiments is characterized by a well-defined preliminary 
rosette stage. The day-length experiments of Allard and Gamer (1) 
would indicate that duration of the rosette condition is briefer with 
long daily periods of solar illumination than with short ones. With 
the environmental conditions employed in these experiments this 
response appeared to be reversed. The plapts grown with a short day 
began stem elongation almost immediately, whereas those in con- 
tinuous illumination remained in the rosette stage for a month or more. 
The factor responsible was probably low light intensity, but high 
moisture and relative humidity may also have contributed to the 
reversal in response. Reversal is viewed primarily, however, as a 
low-nutrition response. 

It is probably unnecessary to assume the presence of a rosette-form- 
ing hormone in this reaction of tobacco. The data seem to inilicatc' 
that variations in the proportions and concentrations of ordinary 
biochemical constituents of the plant m^ bring about modifications 
in duration of the rosette stage. The difficulty in demonstrating this 
interpretation experimentally lies in proving that the components of 
the chemical mixture used to cause reversion to rosette formation are 
actually those so functioning in the plant. Biochemical data are nee(ied. 

The characteristic and specific response of tobacco seedlings to 
(i/-isoleucinc is of great interest, particularly if it proves to be the 
primary cause of frenching in tobacco. ® This disease is of world-wide 
occurrence, but little is known of its cause. Response of tobacco to 
dZ-isoleucine in aseptic culture is very similar to frenching in the field, 
considering the wide differences in these environments. Moreover, all 
3 samples of this amino acid that were tried were equally effective and 
varied with the concentrations used. The ineffectiveness of about 60 
other biochemical compounds to bring about a similar response would 
indicate the degree of specificity involved in this reaction. McMur- 
trey (5), however, was also able to duplicate the symptoms of frenching 
to some degree with thallium salts. Shear and Ussery (8) found that 
this tobacco disease occurred in the absence of thallium under field 
conditions. 

The mechanism is unknown whereby specific characteristic symp- 
toms in the green plant are brought about through mineral deficiencies 
and toxicities. Though an assumption of direct action might appear 
plausible for macronutrients, nutritive deficiencies of micronutrients 
at least could lead to characteristic syndromes only indirectly. The 
data presented on amino acids reveal the existence of a mechanism 
for the production of specific morphological abnormalities dependent 
upon irregularities in protein metabolism. Variations in formation 
and degradation of proteins under abnormal environments could lead 
to accumulation in excess of specific free amino and other acids. 


® A similar response to dWsoleucine is given by Xanthi Turkish tobacco in soil 
and solution culture in the greenhouse and by Connecticut BroaUleaf in soil. 
Symptoms of mild frenching — bud inhibition, pale buds, narrow leaves with pale 
rims, and reticular chlorosis — were quite characteristic of the Connecticut Broad- 
Jeaf variety in soil. 
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E urines, pyrimidines, and peptides sufficient to produce a direct and 
armful effect on growth and color of leaves, buds, and stems. TIk' 
phenomena of amino a(*id toxicities have a range ample to account 
for at least some of the specific morphoWical symptoms encountered 
with disturbances in mineral nutrition. The validity of this interpn^- 
tation is further supported by the data demonstrating the relative 
innocuousness of proteoses ana peptones and by the modifications in 
symptoms resulting from amino acid admixture and from concentra- 
tion. 

Morphological abnormalities in plant growth are known to take 
place in darkness and are accompanied by an increase in free amino 
acids. Bennett {2) reported that iron chlorosis in spur leaves of pears 
is accompanied by an increase in soluble nitrogen. 

SUMMARY 

S(»edl.ings of the Robinson strain of tobacco, Marvland Meilium 
Broadleaf, were grown for 28 d^s in 200-cc. Pyrex Erlenmeyer flasks 
under asepti(‘. conditions at 25® C. with 500 foot-candles of fluorescent 
white light. Each flask contained 50 cc. of a mineral-agar medium. Of 
about 60 sugars, amino acids, vitamins, and peptones added to the 
medium, only sucrose, D-glucose, D-fructose, and perhaps D-xylose 
were definitely beneficial to growth. Other (*ompounds, particularly 
amino acids, were toxic at concentrations of 5 to 200 p. p. m. A 
specific toxicity response to f/Z-isoleucine duplicated most of the gross 
characteristics of tin* disease known as frenching, especially strap-leaf 
formation, reticular chlorosis, inhibition of all stem elongation, and 
large increase in leaf number. Admixtures of otlu'r amino acids with 
J/-isoleucine led to wide variations in response from diminution to 
accentuation of the symptoms of frenching. Individual acids caused 
distinctly different patterns of gross morphological abnormalities. 
It is suggested that excesses of free amino acids clue to abnormalities 
in protein nu^tabolism may contribute to the formation of characteris- 
tic patterns of symptoms in plants because of disturbances in mineral 
nutrition. Failure to pass through the rosette stage under short daily 
illuminations could be corrected partially by addition of D-mannose 
and certain pi'ptones. Ck)mm(»rcial peptoms (peptones, proteoses) 
were relatively iiontoxic as compared with the free amino acids. 
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CONCJENITAL MALKOKM ATIONS OF EYES OF SIIEEF^ 


IJy iKKNK (iHSOvidlc phannacoloffisf , and O. A. I^kath, rfHean-h 

chemist, Wi/ominf/ A f/ncutt unit hUriniimcnt Statitm 

INTUODIKTION 

Maternal body tcMnperatnre and moisture in inanimnls are sulli- 
eiently uniform to prevent these factors from interfering with normal 
development of the embryo. Lack of oxygen, excess of carbon diox- 
ide, dietary deficiencies, and the presence of toxic substances, however, 
do interfere with and retard the rate of normal development. 

The relation between a faulty maternal diet and anomalies in the 
offspring has been reported by many investigators. Hale and 
Moore, Huffman, and Duncan ( 8 ) found many congenital malforma- 
tions in pigs and calves maintained on a vitamin-A-deficient diet. 
Warkany and his coworkers 10 ) described skeletal abnormalities 
in the offspring of rats due to maternal nutritional deficiencies. 
Franke and Tully (4) jjrtMluced chick monsters by feeding grains 
which contained selenium, and Landauer (6*) produced various types 
of abnormalitit\s with organic selenium in creeper aiid normal strains 
of fowl. Beath et al. (i) reported malformations in the jirogeny of 
sheep which were grazed on seleniferous ai*eas. 

It is evident that selenium can interfere with the normal develop- 
ment of the embryo and that it can produce malformations in the 
jirogeny. The process by which selenium produces malformations 
was suggested by the investigations of Wright { 10 )^ when he demon- 
strated that seJenium injures the oxidative ineclianism of adult 
tissues. If selenium interferes with tissue respiration, those organs 
which have the highest growth rate during embryonic development, 
that is, the eyes, head, and extremities, would be the most seriously 
affected. This has been the case in all the malformations that the 
writers have observed in the lambs of sheep grazed on seleniferous 
areas. 

Rejmrts on selenium malformations up to the present time have 
dealt with the structural anomalies observed. The present ])aper 
presents observations on the gross and histological changes that oc- 
curred in the eyes of lambs from mothers which had grazed on selenif- 
erous areas. The malformations involved the extremities and the 
t\yes. This ])aper deals only with the gross and histoiogi(*al changes 
in the malformed eyes. 

^Keceived for publication August It), 1946. nresenled bef<n*e tlie liocky 
Moiiiitnin Section of the Society for Experimental Hiology and Medicine. 

‘ ItaUic numbers in paratbenses refer to Literature Cited, p. 102. 
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MATERIAL AND METHODS 

Two hundred and fifty malformed lambs were born in a group of 
2,100 ewes grazed on a seleniferous area. Seventy-five percent of the 
malformed lambs died at birth and 10 percent died between the ages 
of 8 to 5 months. The lambs that lived longer were dwarfed, the 
extremities and eyes were deformed, and the reproductive organs ivere 
underdeveloped. Similar malformations were observed by Beath et al. 
(i) in animals on seleniferous areas in Wyoming. 

The malformations of the eyes of 10 animals were studied. In order 
to observe the sequence of changes wdiich occur during growth, the 
lambs were killed at %, 1, 2, 3, 4, and 0 months of age. Analyses f()r 
.selenium in the blood, liver, and kidney were carried out on all ani- 
mals. In the younger grouj) the selenium content of the liver ranged 
from 3.5 p. p. m. to 5 p. p. m. and in the older group from 0.8 to 1.5 
j). p. m. In previous experiments the w’riters (/^>) had observed that 
about 30 j^ercent of the daily selenium intake w’as eliminated in the 
urine provided no kidney injury was present. The tissues of newly 
born lambs, without congenital defects w'ere free from or contained 
only traces of selenium. 

All tissues were fixed in 10 percent formalin. 

Studies of the various organs showed pathologic changes similar to 
those observed in the blind staggers type of selenium poisoning re- 
ported by Draize and Beath (!^) and llosenfeld and Beath 

GROSS (TIANGES IN MALFORMED EYES 
OBSERVATIONS 

-The eyes of 2- to 4- week-old lambs show^ed a single large transparent 
cyst protruding from the bulbar conjectiva. As the lambs matured 
these cysts ruptured and the eye proper could be observed. The nor- 
mal position of the eye in the orbit was disturbed and the cornea w as 
misplaced, either to the nasal or the temporal side. The cysts varied 
in size and were covered with fibrous tissue. 

At necroscopy microphthalmia with multiple cysts and normal-size 
eyes without cornea and pupil were observed. The lenses were mis- 
placed or absent and the whole organ appeared to be filled with clear, 
transparent fluid. The sclera w^as fused with the ethmoid, the frontal 
bones, or the floor of the orbit. In such cases the eyes wTre fixed and 
could not be rotated. Separation of the cysts from the orbit resulted 
in the rupture of the cysts (fig. 1, A). There were large pigmented 
epithelial and connective tissue folds overlapping the eyes (fig. 1, II). 
In the younger animals the eye appeared smaller (fig. l^C) because of 
the smaller size of the cysts. In the older, animals the only limiting 
factor imposed on the size of cysts was the space available within the 
orbit. The number of cysts varied from two to six per eye (fig. 1, />) . 
The origin and insertions of the muscles of the eye coula not be deter- 
mined on account of the disorganized structural arrangement and the 
protrusion of the cysts. There were increased periorbital fat and some 
gelatinous embryonic tissue. The orbital cavity usually appeared 
normal, but occasionally some of the bones snowed erosion and 
petechial hemorrhages caused by pressure of the cysts. 

The eyes were sectioned through the anteroposterior axis. An eye 
pf some sort was always present. No relation between the age of the 
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animals and the development of structures of the eyes could be ob- 
served. The increase in size was due to the enlargement of the cysts, 
not to development of the eyes. The malformations in the eyes of the 
same animal were not identical. Usually the deformities showed a 
more extreme manifestation in the right eye than in the left (fig. 2, 
A). Rawles (’J)) observed that chick blastodeuns of the head process' 
on the left side have a higher developmental capacity than those on 
the right . 

The various anomalies observed in the diffrent structurs of the eye 
may be described as follows : 

(Jornea, — The cornea was small and thickened and many times was 



Fioukb 1. — Malfoririations of ejes of laiubs from mothers tlmt had grazed on 
seleriiferoiis areas : A, a. Posterior view of eye, showing remnant of ruptured 
cyst which adhered to floor of orbit; b, posterior view of several large cysts, 
ii, «, Pigmented epithelial fold covering anterior part of eye; 6, large cyst with 
tliin-walled elevated cysts; O, a, Eye of ^week-old lamb showing microphthal- 
mia; 6, eye of 2-week-old lamb showing remnants of bulbar conjunctival cyst 
(#/') atid posterior large cyst {V). D, a. Misplaced eye; b, three small <‘ysts; 
c, one large cyst. All X 0.7. 

displaced laterally (fig. 2, A). A gray opacity obscured the normal 
division between the sedera and cornea. There wjis an extension of the 
episcleral tissue, and occasionally it showed some pigmentation- 
Anterior and posterior chambers. — ^In many cases the division into 
anterior and posterior chambers was not well defined or was completely 
absent. In other cases the anterior chamber was shallow and the lens 
l^ushed forward, almo.st touching the cornea. 




96 


Journal of Agricultural Research 


Vol. 75, No. 3 


Lens , — Congenital absence of the lens was observed, usually when 
the eyes were rudimentary in size (fig. 2, 5). Attachment of the lens 
to the retina or iris was observed in two cases. In one the lens ap- 
peared dumbbell-shaped and was covered by a continuous lens capsule. 
The lens was located postero-laterally ; one part was within the eye 
while the other part projected into the cystic cavitv (fig. 3, A). 

Iris , — In all cases the iris was rudimentary or absent. Tlie muscles 
of the iris were absent. Occasionally the rudimentary iris was at- 
tached and extended over the cornea. 





Fioxjbe 2. — A, Left eye shows more advanced development and higher structural 
differentiation than right eye : a, Cornea displaced laterally ; ft, cystic cavities 
and defects In walls of the eye; c, papillary projection on walls of cystic- 
cavities. B, Microphthalmia rudimentary separation into anterior and pos- 
terior chambers ; a, Bye filled with loose connective tissue, lens absent ; 6, dis- 
placed cornea ; c, large cystic cavities with communicating sinuses. All X 0.7. 

Optic nerve,^ retina, and choroid , — The optic nerve was absent, atro- 
phied or calcified. Sometimes it ended in the sclera, and no direct 
connection between the eye and the optic nerve existed. In one case 
the optic nerve failed to develop, but an optic stalk and choroid fissure 
persisted. The optic stalk extended up to the rudimentary iris and 
remained embryonic in character, showing a developmental arrest 
(fig. 3, 5). 
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The retina and choroid at the posterior [)art of the eye were normal 
in distribution. The retina extended over and covered the interior 
of the cysts. 

Sclera , — The sclera around the primitive eye was thin, not well de- 
fined, and showed various defects which formed enlai*^ed simisus 
connecting with the cysts. The number of defects in the walls of the 
sclera depended upon the number of cysts present. Almost all the 
eyes showed some soi t of scleral defect. 

Cyntic cavities . — The cystic cavities were filled with clear fluid which 
resembled vitreous humor. The cysts were bilocular or multilocular 
and the thin septum of the cysts had small defects which i)ei-mitted 
intercommunication between tlie cystic cavities. The walls of the cysts 
were rough and uneven with various papillary pi'ojcctions. The walls 
of the cystic cavities were covered with epithelium which in some 
places appeared j)igmented; in otliers pigmentation was absent. 

The single cystic cavities in the older animals were (> cm. in diameter, 
while the multilocular cavities Avere from 2 to 4 cm. in diameter. In 



Fkjuke 3. — A, Dumbbell-shaped lens that fills eye cavity; a, Lens protrudinj; into 
cystic cavity. 1?. Eye showing i^ersistence of optic stalk: a, Optic fissure, lens 
absent, indicating definite developmental arrest; ?>, large dilated cystic cavities; 
c, iris bent and fused to cornea. Ali X 0.7. 


tiddition to the larger cysts, there were numerous smaller ones from 2 
to 0.5 cm. in diameter, forming irregular and complex stiuctural 
arrangements. 

mstUTssioN 


An understanding of the development of the various anomalies 
observed in the malformed eyes can be obtained only if we recognize 
I he fact that embryonic growth and ])roliferation depend upon an 
unlimited supply of food and oxygen. Stockai-d {Li) has pointed out 
that the normal development of the einbyro depends upon the stability 
of certain factors in the environment. Embryonic death, as well as 
monstrous development, (*an be induced by changes in the conditions 
of moisture, temperature, oxygen supply, the action of various chemi- 
cal substances, actinic rays, and dietary deficiencies. The malforma- 
tions which are produced do not depend upon the specific teratogenic 
substance, but depend upon the time at which the developmental 
arrests occur. The development of a normal structure depends, not 
only upon a definitely located primordia, but also upon tin* time per- 
731881 —47 2 
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initted for its development. Therefore, it must attain its supremacy in 
growth and proliferation during a limited period. This time-linuted 
opportunity for development is due to the growth competition between 
organs. Stockard {IJ) stated that if the entire embryo is depressed 
or has its develo})mental rate reduced, the rapidjy developing struc- 
tures will be affected more seriously than the slowly developing ones. 
When normal growth rate is resumed the slow-growing parts are able 
to regaiji their ordinary rates, but the rapid-growing organs are un- 
able to resume their extraordinarily high rate of development, and, 
therefore, the rapidly developing organs lose their extraordinary 
advantages and the organ fails to develop or is malformed. 

The abnormalities observed in these eyes shows developmental ar- 
rest, indicating that the aiilage was there but the potential for growt!» 
and proliferation was lost. Home of the structures were in an em 
bryonic state, which was well demonstmted by the presence of the 
optic stalk and the persistence of (horoid tissue and embryonic lens. 
The different manifestations and the various grades of abnormalities 
indicated that injury did not occur in these animals at the same stage 
of embryonic development. Development was more advanced in some 
cases than in others, and consequently structural development was 
more advanced in some than in others when injury occurred. The 
postnatal age of the animals did not alter the defects in the structure 
of the eyes since the ‘1- and 6-nionths old animals had lens, iris, and 
corneal developments as primitive as those of a 2-week-old animal. 
Another interesting point observed was the fact tliat grossly the sti’iu*- 
tures of the eyes did not show any of the degenerative changes that 
would be expected if the cysts exerted excessive pressure. The normal 
I)ressure in the various cavities was maintained through the sinuses 
and defects in the walls of tlie cysts and sclera. This pressure equi- 
librium suggests that the fluid was not foreign in origin, but was pro- 
duced in the same manner as vitreous humor. 

HISTOLOGlCAIi CHANGES TN MALFORMED EYES 
OKSKRV.ATIONS 

Only a few histological studies of malformed eyes have been report ed 
in the literature. Franke et al. studied the effect of selenium in 
chick embryos but failed to give the histological or the gross changes 
that take place in the different organs. Warkany et al. (i.j, 17) re- 
ported the histology of the malformations observed in the eyes of rats 
whose mothers were on a vitamin-A-free diet. 

The eves to be studied Avere fixed in 10 percent formalin, embedded 
in paraffin, and sections lOfx to 12fi thick were cut. The sections were 
stained with haematoxylin and eosin, with copper chrome haemato- 
xylin, and with Mallory’s connective tissue stain. From each eye 50 
sections were taken at lOO/i intervals. 

Although the structural malformations of the eyes were varied and 
numerous, it was apparent that, they were due to the failure of the 
various structures of the eye to fuse, lack of differentiation, lack of 
growth, or cellular proliferation. The failure of the sclera to fuse was 
the most frequent d^efect observed. When thii^ happened the vitreous 
humor was permitted to flow into the mesoderm, where multiple cyst 
formation occurred. 
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The histological structure of the sclera indicated that there was not 
only an adherence of the sclera to the bony orbit, but also that endo- 
chrondral bone formation was present in the sclera. This piocess was 
not an abnormal calcification but an active bone formation. The sclera, 
in addition to the normal (*ellular structure, contained many undiffer- 
entiated mesenchymal cells. 

The mesodern of the cornea failed to differentiate into its normal 
structures. The composition of the tissue was more like that of undif- 



FiGtJKB 4. — A, a, imociiUii* buU>ar (*«)nJniK*tival cyst coviMvd with c|)itht4ial 
cells ; ft, hyperplastic cornea. B, a, Pseurtoanterior chainher ; b, hent iris ; c, ciliary 
processes extending over anterior part of eye; d, einhryonic retina ; c, embryonic 
tissue; f. papillary projection in cystic cavity. (\ </. Fye shows mhToplithalmia 
with rudimentary anterior chamber; h. embryonic retina ; c, lens extruded througli 
defective sclera into cystic cavity, giving appearance of double lens because of 
(‘urvature of lens ; d, defect in sclera. />, a. Embryonic lens almost tilling post<*rior 
chamber; 6, thin sclera; c, embryonic tissue surrounding sclera; d, large* lat(*ral 
cyst ; c, papillary projections on cyst sliown in d. 

ferentiated mesenchymal tissue with occasional ])igmented cells and 
some connective tissue. The epithelium covering the cornea was nor 
mal in appearance except in a few cases in which epithelial hyperplasia 
was observed. In the eyes of the younger animals the bulbar conjunc- 
tiva formed systs which were cov^ereu with conjunctival epithelium 
(fig. ^,A). 
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The anterior chamber was rudimentary, shallow, or absent. The 
iris, at times, was absent, bent, or fused witli the cornea. The bent iris 
formed a pseudoanterior chamber and brought about the displacement 
of the ciliary processes which extended over the enterior part of the 
eye or were attached to the cornea ( fig. 4, i? ) . The normal ciliary body 
was absent. Misplacement of the choroid occurred in one eye, and the 
choroid extended up to the anterior chamber where the vessels were 
dilated and a newly formed thrombus was present. The lens were 
rudimentary, misplaced, embryonic in character, or absent. Misplace- 
ment of the lens was due to its fusion with the iris or with the retina. 
The lens attached to the retina passed through the cystic cavity giving 
the appearance of a double lens (fig. 4, V ) . Occasionally the lens was 
highly cellular in appearance and embryonic in size and almost filled 
the cavity of the eye (fig. 4, />). The lens ca])sule was normal and tin* 
fibers were nucleated. The amorphous substance was unevenly dis- 
tributed and there were many vacuoles. 

In the abnormally everted poition of the cysts there was an absence 
of choriocapillary layers. Mann (7), discussing the abnormalities 
of the eye, states tJuit the choriocapillaries of the choroid develop noi - 
mally only when it is in contact with pigmented epithelium. 

The retinal tissue exhibited various abnormalities. In many cases 
the retina revealed embryonic separation and was composed of two 
layers (fig. 4, C). The inner layer was much thicker than the outer 
and contained some neutral elements: the outer layer was composed 
of pigmented epithelium. In some cases this primary optic vesicle was 
converted into a cystic cavity. The retinal ei)itheliuni formed folds 
over the cystic cavities. At various areas in the cystic cavities there 
was a condensation of the epithelium, forming adenomatous arrange- 
"ments (fig. 5, A). The core of the papillary projections was coin- 
{3osed of nervous and connective tissue. There were areas in the walls 
of the cysts in which the retinal epithelium was folded and hypei- 
plastic. The multilocular cysts were dire(*tly connected with the eye 
proper by multiple sinuses (fig. 5, B), The epithelium covering the 
sinuses was continuous with the cystic cavities and the retina of the 
eye. The walls'of the cystic cavities were composed of fibrous tissues 
and lined with a perverse layer of retinal epithelium. Various inter- 
pretations as to the formation of perverse layering of the retina have 
been given. Wolff (18) suggested that this type of layering is an 
actual detachment of the retina resulting from the increased subretinal 
fluid which pushes the retina through the choroid fissure into the loose 
mesoderm. Cysts are formed in this manner by the condensation of 
the mesoderm outside the eye. 

There were secondary cysts 'within the larger cysts which were cov- 
ered both inside and outside with retinal epithelium. The secondary 
cysts formed near the optic nerve, in the retina, outside the sclera, and 
within the wall of the sclera or at the junction of the anterior and 
posterior chambers. Surrounding the cyst was a large amount of un- 
differentiated mesenchymal tissue. Within the cystic cavities occa- 
sionally there were structures which resembled ciliary processes con- 
taining pigmented epithelium. These were attached to the walls of 
the rudimentary e 3 ^e and indicated that during the development of the 
eye some disorganization of the anlage occurred, as these structures 
developed outside the eye and within tlie cystic cavities. 
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The optic nerve frequently showed atrojdiy. In some of the eyes 
there was no connection between the ofhic nerve and the eye. In these 
eyes the nerve ended diffusely in the posterior ])art of the sclera. In 
t Wo cases the optic st alk failed to develop into the optic nerve. There 
was also lack of differentiation in all other sti-uctures. The vitreous 
humor in the eye formed fine longitudinal fibrils and filled the cavity 
of the eye (fig. 5, C). The persistence (»f the optic stalk, the choroid 
fissure, and the embryonic vitreous indicated that developmental arrest 
occurred early in embryonic development. Mann (7), correlating the 
development of the eyes with the rest of the body, states that in the 
»‘>5-mm. embryo the optic stalk is replaced by the optic nerve. 

AVithin the eyes and surrounding the eyeball there was a great deal 
of undifferentiated tissue. The presence of this embryonic undif- 
ferentiated tissue indicated that development was inhibited and its 



Fiotriip: 5. — A, Eye (‘oinpesed of two Iarg(‘ <‘avi<ies: r/, SurnmndeU by sclern ; ?>, 
surrounded by eiubryoiiie tissues; r, lens abnormal in sbuiH* and attached to 
retina; d, retina foi-ining adenoinat<»us arrangement at area of contact witii 
Jens; r. cyst outside eye ja-oiier iined with retinal epithelium ; f, dilatetl cyst 
derived from retina. B, a. Defect in wall of sclera : h, intercommunicating 
sinuses lined with retinal epithelium; c. ciliary process attached near st*leral 
defe<*t at i)osterior part of rudimentary eye ; d, dilated secondary cyst ; c, retinal 
tissue forming adenomatous arrangement with dilated secondary cyst shown 
in </. C, a, Opti<* stalk; h, choroid fissure; c, filamentous vitreous; d, cornea, 
wbic-h apjiears homogeneous; r, single layer of epithelium covering cornea; f, 
muscle bundles disorganized and separated by large cyst ; /o, muscle bundle. 

j)()teiitial for (liffereiitiation was lost. In contrast to this undif- 
ferentiated tissue were the tissues which maintained their develo})- 
mental potential and differentiated at abnormal positions. 

DISCUSSION 

Tlie malformed eyes investigated presented a bizarre histological 
picture. The malarrangements of these structures may be exi)lained 
as a result of early ernbryological arrest and disturbance in the anlage. 
The factors which might have caused these changes are numerous. 
The developmental arrest may have been due to decreased oxygen 
caused by the action of selenium. The lack of growth and cellular 
proliferation at certain developmental stages may have been re- 
sponsible for the rudimentary and malformed structural development . 
The decrease of vitamin A due to selenium may also have been a 
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contributing factor to these malformations. The writers {11) have 
observed a decrease in vitamin A and ascorbic acid in selenium poison- 
ing, and Warkany {H) has described malformation of the eye with 
vitamin A deficiency where the vitreous was fibrous in character. 

Normally ruminants can synthesize ascorbic acid, and the embryo 
is able to supply the necessary amount of ascorbic acid for its develop- 
ment. The decrease in ascorbic acid during embryonic development 
may have caused certain of the defects. The normal function of 
ascorbic acid is to maintaiii the integrity of the intercellular substance 
of mesenchymal supporting tissues. Only in one case were there 
definite signs of vascular damage suggesting avitaminosis, although 
the failure of the different mesenchymal structures to maintain their 
continuity during embryonic development may have been due to 
vitamin C deficiency. 

The fact that the fluid present in the multiple cysts did not produce 
any gross or microscopic pathological changes may be explained by 
the fact that the intercommunicating sinuses rnaiidained the normal 
pressure within the eyes. 

The neural tissue within the cystic cavities, wliich formed the con* 
of the numerous papillary projections, indicates that the epithelium 
of the retina served as internal covering for the cystic cavities. 

Tlie derivation of the endochondral bone from the sclera observed 
in some cases poses an interesting Question. In the lower vertebrates 
the sclera is cartilagenous. Whetlier the presence of endochondral 
bone within the sclera in mammals indicates a reversion under stress 
to the less differentiated tissue or whether the bone formation was due 
to misplaced mesenchymal tissue cannot be stated definitely. How- 
ever, the fact that endochondral bone was formed in the sclera in- 
dicates the j)lurij)otentiality of mesenchymal tissue. 

SUMMARY 

A descrijjlion of the gross malformations of the eyes observed in 
the ])i’ogeny of ewes grazed on selenifemus areas is presented. Con- 
genital microphtharlmia, rudimentary eyes, displacement of the lens, 
absence of the lens, lack or normal division between the cornea and 
sclera, microcornea, and colobomas of the various structures are 
described. 

Histological studies ijidicated that in the malformed eyes cellular 
and sti'uctural misidacement occurred during early embryonic develo])- 
ment. TJie majority of the defects involved the structures which 
develo])ed from mesenchyme. Endochondral bone formation within 
the sclera indicates the ])luripoteiitiality of the mesenchymal tissue. 
Histological changes in the various structure^ of the eyes are discussed. 
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REACTION OF MOUNTAIN BROME AND CANADA WILD- 
RYE STRAINS TO HEAD SMUT (USTILAGO BULLATA)^ 


By E. J. KREiziNCiER, formerly assistant agronomist, (Jeoroe W. FisrHER, formerly 
'pathologist, Division of Forage Crops and Diseases, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Research Administration, 
United Stales Department of Agriculture, and A. (5. Tmw, assistant agronomist 
Washington Agricultural Experiment Station 

INTRODUCTION 

In tlu* Pacific Northwest and the Rocky Mountain State's several 
species of forage' grasses are cemimonly fe)und affeeded with head smut 
{Vfitilago bullafa Berk.) in native stands anel in plantings for hay or 
pasture, seed production, or soil anel water conservation. Promiru'ut 
among these spe'cies is mountain brome {Brornns marginaiuH Ne'es), a 
natives perennial. This grass is one of the best forage spe'cies for use 
with swee'tclover in the' intermountain are'a. As part of a general 
program for improvement of the specie's, atte'iition has been given to 
lieael smut resistane*e. This paper pre'sents the reaction of seve'ral 
agronomically supe'rie)r ae'cessions of mountain brome to various 
rae'e'S of head smut in controlleel inoe*ulalion tests. Myrnus caiiaden- 
sis L., anothe'i* native specie's which is sus(*eptible to the same races 
e)f he'ael smut, has also been te^ste'el anel the re'sults are ine'lueh'd herein. 

MATERIALS AND METHODS 

Fourteen ae*e‘e'ssions of mountain bre)me seh'cteel from fie'lel collee'- 
tions representing wieledy vaiyhig types from seve'ral Western State's 
have been tested for eh'gree of suse*eptibility to 4 race's of heael smut 
attae*king this spe'cie's. Two of the'se (race 5 anel race 7) are among 
those described earlier,^' and 2 (race 9 anel race 12) are new race's 
that have sine'e been differentiated. The inoculations were performe'el 
by the' partial-vacuum methoel. The inoculateel se'e'el was gerrninate'el 
in plant banels in the greenhouse in late winter, and after the seyellings 
were we'll above the soil they were nioveel outsiele for vernalizatiem. 
The ve»rnalized seeellings w’^ere transplanted to nursery re)ws in the' 
spring, anel most of them headed well the following summer. The' 
same> procedure was used for 12 ae'ccssions of Klymns canadensis. 


* Received for publication April 11, 1945. Grass-disease and j(rass-iniprov(‘- 
inenl investigations of the Division of Forage Crops and Diseases, Bureau of Plant 
industry, Boils, and Agricultural Engineering, in cooperation with the Division 
of Nurseries, Soil C/onservation Service, U. S, Department of Agriculture, and th(‘ 
Washington Agricultural Experiment Station, Pullman, Wash. Scientific Pat)er 
No. 622 of the Washington Agricultural P^.xperiment Station. 

2 Fischer, G. W. host specialization in the head smct of crosses, 
I sTiLAoo BULLATA. Phytopathology 30: 991-1017, illus. 1940. 
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RESULTS 

In 1941, 14 accessions of mountain brome were each inoculated with 
12 collections of head smut from widely separat(‘d localities in the 
Western States, representing 4 physiologic races. At the same time 
12 accessions of Canada wild-rye were inoculated with the same smnt 
collections. The purpose of the experiment was twofold: (1) To 
obtain a comparative evaluation of the n^sistaricc^ of th(» mountain 
brome and Canada wild-rye accessions previously determin(‘d as Ixang 
agronomically superior and (2) to obtain a comparison of the virulence 
of the 4 races of head smut and of the collections which comprise these 
races. Data were taken in 1942 on a head-count basis, and the r(*sults 
are shown in table 1. 

The data from these inoculations present some uiteresting n^sults. 
In the first plac.(*, the differences between accessions in susceptibility 
to head smut are v(*ry great indeed. No 2 a(‘C(‘ssions of mountain 
brome gav(» th(^ same reaction, the range' of infection being 0 to 100 
percent. Only 2 ac'cessions appeared resistant to all 12 collections of 
smut; one (Wn-439) was practically immune, while the other (P-2133) 
appeared generally resistant or immune. Although several accessions 
of mountain brome were more or less infected by all 12 of the head 
smut collections, none of the accessions was definit('ly susceptible to 
all of them. The nearest appioach to this was P-3972, for which the 
lowest perc(‘ntag(* of smut was !(>, obtained with colh'cAion M- T (rac(' 
7), and tne highest was 100, obtained with collection M-Ci (race* 9). 

A rc'ady evaluation of the comparative resistance of the 14 ac(*(‘s- 
sions of mountain brome is provided in the susce'ptibility index in 
table 1. Neith(*r the av(*rage percentage of smut nor the* numb(*r of 
(collections infecting is by itself a satisfactoiy iiuh'X of susceptibility. 
The susceptibility iiuh'X, the product of the avt*rage percc'ntagi* of 
smut in a given acc('ssion and the number of collections infecting that 
acc(^ssion, is (jonsidered a much !)etter measure. By this measure- 
m(*nt the outstanding immunity of Wn-439 is readily apparent as this 
accession has a susceptibility index of only 0.2. Other accessions also 
exhibit a high degree of resistance to most of the collections {AVn-438 
and P-2133 with susci^ptibility indexes of 54 and 14, respect ivedy), 
but they are more or less susc(*ptible to 1 or 2 collections. Accession 
P-2133 (a reproduction of Wn-438) represents an early-maturing 
strain of mountain brome that has been in commercial production for 
about 10 years in W’ashington and probably elsewhere in the North- 
w^est. Fortunat(dy, it appears to be resistant. 

Very much the same results were obtaiiu'd with the 12 accessions 
of Canada wild-rye, except that the general susceptibility was even 
higher than with the brome accessions. The low(*st susce})tibility 
index was 104 anti the highest was 904 (out of a theon'tically possible 
1,200). Accessions P-788 and P-2389 both were high in suscepti- 
bility. 

Considerable differences in pathogenicity were observed in the 12 
head smut collections. used in the inoculations summarized in table 1. 
The disturbing fact came to light that all of the 12 collections seem 
to be different even though only 4 races are represented. I'heoreti- 
cally, it might be expected that all collections previously identified as 
belonging to 1 race should have given the same reaction on the 20 
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Bromus and Elymvs accessions inoculated, but such certainly was not 
the ease. The best instance for analysis is seen in collections M~I, 
M-Ii, M-'l 2 , M~R, M-T, and M~Y, all of which belong to race 7, 
on the basis of the reaction of the head smut differential grasses to 
these collections. However, on the basis of the reactions of P-1841, 
P-5355, P-6268, P-6328, P-2624, and P-4824 these 6 smut collect 
tions are all different. Similarly, the 3 collections belonging to race 
5 and the 2 belonging to race 9 are easily differentiated on the basis 
of the reaction of some of the 26 host accessions used. 

Further comparison of the 12 smut collections is possible by means 
of the virulence index shown at the bottom of table 1. The viru- 
lence index is the product of the average percentage of smut produced 
by a collection or race and the number of accessions of host plants 
wliich it was capable of infecting. Here, again, the collections within 
a race seem to differ. Thus, accordii^ to this index, (»-ollcction M-C 2 
is twice as virulent as collection M- Ci, and yet they arc considerc^d 
as belonging to the same physiologic race. However, it is not y(*t 
considered feasible to attempt to differentiate races by means of 
differences in virulence index. Rather it seems sufficient to recognize* 
that the physiologic races previously described in Ustilago hullata ai(* 
not genetic entities. The data in table 1 sugg(*st that at least some of 
these races are composed of biotypes that can be separated by the use 
of additional hosts or strains within a host species. 

The experiment just described yielded one result of a discrepant 
nature. A(*ces8ion P-3368 was infected by all 1 2 collections, with an 
average of 38.3 percent of smut, and a susceptibility index of 460 
(table 1). In previous preliminary tests this accession had exhibited 
a high degree of resistance and in the observational rows of the Soil 
Conservation Nursery at Pullman, Wasli., it had remained srnut-froe 
fox' several years. The sudden susceptilde reaction of P-3368 in the 
present experiment was, therefore, unaccountable. It was decided to 
conduct further inoculation experiments involving P--3368 and 5 other 
accessions of mountain brome of excellent agronomic qualities. 

In the second experiment six accessions of Brornus marginalus were 
each inoculated with four races of head smut. In this test, inocula- 
tions were made with mixtures of collections of each race rather than 
with individual collections, because the primary interest was in 
testing the grass accessions for resistance. In the hope of finding in 
the susceptible accessions smut-resistant individuals that were 
agronomically desirable, the experiment was conducted and data w^ere 
taken on a spaccd-plant basis. The inoculated seed was planted in 
the greenhouse, and the seedlings were transplanted to individual, 
small, wood-veneer plant bands. A period of vernalization preceded 
the transplanting to the field in the spring of 1943. Most of the plants 
headed well in 1943, and reaction data were taken in 1944. Those 
data are summarized in table 2. 

The rcsiilts of the second experiment (table 2) further indicate the 
apparent immunity of Wn-439 to head smut. This experiment 
reestablished the high degree of resistance in P-3368 and made the 
susceptible reaction of this accession in the first experiment even more 
subject to question. The high degree of susceptibilitv of P-3972 and 
P-5355 (susceptibility index 371 and 359, respectively) again is well 
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(lomonsirated. However, in no case wore 100 percent of the plants 
infected with smut. The smut-free plants r(».present instances either 
of escape from infection or of genetic resistance. This investigation is 
being continued . 

It will be noted that in this second (»xperiment accession P-2133 
appeared definitely susceptible to race 7 and race 12, a reaction quite 
in contrast to the general n^sistance manifest in tlui first test. In this 
connection it should be pointed out that preliminary inoculations in 
previous years had indicated that P-2133 is highly resistant to most 
collections of head smut but more or less susceptible to others. 

The reactions of the six accessions of mountain broint* shown in 
table 2 do not reveal any great differences in the general viruhuicc! of 
the four races of head smut. All have nearly the same virulence' index. 


Tablk 2. — lieactum of 6 acceHfiums of Btomua 7narginaius to 4 of Ustilago 

bullata, and comparative virulence of the racen 
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The discrepant results obtained with accession P-33t)8 of mountain 
brome, as described, suggested error either in the identity of the seed 
used in the first experiment (table 1) or in the smut collections used as 
inoculum. The possibility of an error in the identity of the seed used 
seemed under the circumstances the more plausible, and it was 
decided to investigate that possibility first. Seed of P-33G8 produced 
in 5 different years was used: 1936, 1938, 1940, 1941, and 1942. The 
1940 seed was from the same lot that had been used in the first inocula- 
tion experiment, summarized in table 1, in which P-3368 was so 
generally susceptible. These five seed lots were each inocidated with 
six collections of head smut, five' of which were the ones which pro- 
duced the highest percentages of smut on P~3368 in the first experi- 
ment. The seed was inoculated and planted as in the other experi- 
ments. The 1936 seed was no longer viabh', and no stands were 
obtained. The data taken on a head-count basis are presented in 
table 3. 
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Table 3. — Comparative susceptibility of 4 seed lots of Bromus marginatus P-SS68 
produced in different years to various races and collections of Ustilago hullata 


Snuit (head-count basis) produced by indicated race and 
collection 


Year s(‘e(I was produced 

Race f) 


1 

Race 12 

Averai?e 


I 

ISl-C 

M-L 

Race 7 
(M-V) 

Race 9 
(M-C2) 1 

M-V 




Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

1988 - - 

0 

10.3 

4.3 

0 

0 

« 1 

2.4 

1940 

35. 4 

40. 3 

62.5 

74 1 1 

84 2 

60 .3 1 

59.5 

1941 - - . , . 

0 

.6 

! 

4.9 

2.4 

2.2 i 

1.8 

1942 ... 

0 

0 

0 

« 

.9 

0 

.2 


A comparison of the results with tlio four st^ecl lots of P 3368 in 
table 3 indicates that the 1940 lot, which gave the discrepant results 
in the first experiment, was not accession P“3368, as labeled, but 
probably represents some susceptible selection of Bromus marginatus 
or perhaps another accession of the same grass. 

DISCUSSION 

From the foregoing results it appears that within the spi'cii's Bromus 
marginatus there are strains varyhig markedly in their reaction to 
races or collections of head smut. Two types of mountain brome of 
economic importance are easily distinguished by their growth habits. 
The first, represented by Wn-438 and P-2133, is an early-maturing, 
fairly leafy strain and the second, represented by Wn -439 and P-33()8, 
is a late-maturing, very leafy strain. Both types are satisfactory with 
regard to seed yield, but the latter type by virtue of its lateness and 
leafilness is the more desirable strain for use with sweetclover. 

Before accessions or selections arc released for increase or commer- 
cial production, reaction to head smut should be determined; and 
since resistant strains are available, preference should be givtui to 
tlu'se. While head smut can be controlled by proper seed treatment, 
the use of resistant or immum* strains eliminates the necessity of this 
operation. In the present investigations, two accessions of mountain 
brome were outstanding for their resistance to head smut: Wn 439 
and P-3368. The first is a Washington Agricultural Exp(‘riment 
Station selection; the second is an increase^ of Wn-439 made by th(' 
Soil Conservation Service at Pullman, Wash. Further study of 
strains of mountain brome is b(»ing mad(* witli the intention of r(4(»as- 
ing the one that proves most resistant (q smut and at the same time is 
superior for use as forage. 

SUMMARY 

f'ourtecn accessions of mountain brome {Bromus marginatus) and 12 
of Canada wild-rye {Elymus canadensis) have been tested for suscepti- 
bility to races of head smut (Ustilago buUata) known to attack moun- 
tain brome. Considerable differences in degree of susceptibility were 
found in the mountain brome accessions, ranmng from high resistance 
to high susceptibility. The same was true for Canada wild-rye, but 
this species was more generally susceptible than mountain brome. 
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Since some lines of mountain brome are highly susceptible to head 
smut, it is essential that the reaction to this smut be determined before 
strains of the grass arc increased for seed or released for commercial 
production. 

It appears probable that none of the physiologic races of Ustilago 
bullata that have Ix'on differentiated and described represents a geno- 
typic entity, but rather that they are phenotypes whose component 
parts may be separated by the use of additional differential hosts or 
strains within a host species. 
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VARIABILITY IN PHOMA LINGAM* 

By Glenn 8. Pound 

Formerly associate yathologist^ Division of Fruit and Vegetable Crops and Diseases^ 

Bureau of Plant Industry^ Soils, ana Agricultural Engineering, Agricultural 

Research Administration, United States Department of Agriculture 

INTRODUCTION 

In the Puget Sound section of Washington a species of Phoma has 
been found to occur regularly as a minor leaf spot and stalk rot patho- 
gen of seed plantings of cabbage (Brassica oleracea var. capitata L.) 
and Chinese cabbage (B. pekmensis (Lour.) Rupr.). On the latter 
host losses resulting from such infections have been important. The 
same fungus has also been found to cause mild infection on seed plants 
of turnip (B, rapa L.) and rutabaga (R. napobrassica (L.) Mill.). 

The Puget Sound section has become this Nation ^s chief producer 
of cabbage seed primarily because seed grown there does not carry 
Phoma lingam Fr. (Desm,), the organism that causes blackleg, and 
Xanthomonas campestris (Pam.) Dows., the one that causes black rot. 
It became of interest, therefore, to determine the pathogenic capacity 
of these isolates of Phoma and to determine their relation both to the 
cabbage blackleg organism and to the organism of dry rot of rutabaga 
in Europe (S)^ and New Zealand {2). This paper presents a descTip- 
tion of the Phoma that occurs in the Puget Sound section and consid- 
ers its variability in relation to that oi P. lingam found associated 
with typical blackleg of cabbage in other sections of the United States. 

REVIEW OF LITERATURE 

In 1791 Tode (^, p. 51 and pi. XVI, jig. 126) described the blackleg 
organism of cabbage and named it Sphaeria lingam. Because he 
found the fungus occurring on dead cabbage stems, he considered it 
a saprophyte. In 1849 Desmazidres {3), however, collected the same 
fungus on living plants and transferred it to the genus Phoma. In 
Denmark in 1894 Rostrup {8) described a disease of rutabaga that 
he attributed to an organism which he named P. 7iapobrassicae. In 
1918 Henderson (5) gave a detailed account of the occurrence of P. 

^ Received for publication December 23, 1946. Cooperative investigations of 
the Bureau of Plant Industry, Soils, and Agricultural Engineering and the Wash- 
ington Agricultural Experiment Stations at the Vegetable Seed Production 
Laboratory, Mount Vernon, Wash. Scientific Paper >iO. 680 of the Washington 
Agricultural Experiment Stations, Institute of Agricultural Sciences, State College 
of Washington. 

* Italic numbers in parentheses refer to Literature Cited, p. 1 32. 
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lingam in Wisconsin, where it caused severe losses in cabbage. Hen- 
derson did not mention variability of the causal organism, but he de- 
scribed two kinds of pycnidia that it produced. He stated that 
considerable evidence existed for placing P. napobrassicae in the 
species P. lingam. 

In 1905 Kirk (7) observed a dry rot of rutabaga in New Zealand 
and identified the causal organism as Phoma napobrassicae Rostrup. 
Cunningham {2) studied the growth rate, type, and pathogenicity 
of about 400 isolates from seed and other plant parts of rutabaga 
affected with dry rot. On the basis of growth rate and pathogenicity 
to nongrowing rutabaga roots he divided the isolates into 2 groups. 
Group 1 contained fast-growing, nonstaling forms which were weakly 
pathogenic; group 2 contained slow-growing, staling forms which were 
stron^y pathogenic. Cunningham also studied cultures of Phoma 
obtained from, cruciferous plants in Wisconsin, the Netherlands, and 
Africa and concluded that the dry rot in New Zealand, England, and 
continental Europe was caused by the same organism as blackleg of 
cabbage in the United States. He suggested P. lingam (Tode) Desm. 
as the correct binomial for the pathogen. 

Cunningham^s study of seed transmission of dry rot stimulated a 
reinvestigation of the disease in England and Ireland, since most of the 
seed planted in New Zealand was imported from those countries. In 
1933 Hughes (6*) essentially confirmed Cunningham^s findings of 
strain-group relations as far as growth rate was concerned, but he was 
not able to confirm his separations on the basis of pathogenicity. He 
suggested the existence of one strain of Phoma lingam that occurred 
primarily on rutabaga in Europe and New Zealand and of another that 
was associated with cabbage and various other crucifers, but not ^vith 

S tabaga. Hughes presented limited evidence to support this idea. 

e concluded further that the strain associated with rutabaga wns 
identical with the American blackleg organism and that both belonged 
to the species P. lingam. 

In 1934 Buddin {!) reported the results of his reinvestigation of dry 
rot in England. He found that five of the seven representative 
isolates sent hini by Cunningham did not conform to Phoma lingam 
and were weakly pathogenic. In fact, he identified some of them as 
belonging to other genera of fungi. He was able to show, however, by 
single-spore cultures that considerable variability existed within 
P. lingam, largely in rates of growth and amounts of staling. He 
interpreted his observations to mean that the isolates comprised a 
graded series rather than clear-cut groups. 

Grove (4, v. 1, p. 70) reduced Rostrup’s species to varietal status as 
Phoma lingam napobrassicae (Rostr.) Grove. 

From this discussion it is evident that, according to the International 
Rules of Botanical Nomenclature, the cabbage blackleg organism 
would be cited as Phoma lingam (Fr.) Desm., since Tode is pre-Friesian^ 

MATERIALS 1AND7METHODS^ ' . ; : 

The sources of all cultures studied are given in table 1. 

Single-spore cultures were obtained by pouring a very dilute conidial 
suspension from the mass cultures over the surface of water agar. 
After incubation for 24 to 36 hours the individual germinating spores 
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were lifted with a needle under a stereoscopic microscope and each was 
planted in a culture tube containing suitable medium. The following 
system of culture designations was used: A letter, a group of letters, 
or a word followed only by a number represented a monoconidial 
isolate from one of the original mass cultures listed in table 1 (for 
example, Wll and PS40). Sectors arivsing from such single-spore 
cultures were indicated by pla(*ing after the designation of the single- 
spore culture the letter M and a number to indicate the order in which 
the sector arose. Thus, Wll Ml was the first mycelial sector from 
Wll. Culture W11M2M1 was the first mycelial sector of the second 
mycelial sector from W‘l 1. The letters SS and a number following a 
culture designation signified single-spore transfers of the isolate in 
question (for example, S2hSSl). 

All spore measurements were made under an oil-immersion lens at 
900 magnifications. The spores were taken from a heavily sporulating 
culture on potato-dextrose agar and were mounted in glycerol jelly. 

All isolates that were studied comparatively were grown on media 
from the same source. 


Table 1. — Sourevs of all Phoma ifiolates studied 


Culture or disease 
desiguatioii 

State of origin 

Contributor 

Host 

Key to single-spore 
isolaU‘s 

Phoma lingam 

Cabbage blackleg 

Do 

Do 

Phoma sp 

Do 

Do 

Do 

Wisconsin 

Iowa 

Ne>\ Yo?k 

W'isconsin 

Oregon ! 

W'ashington.-J 

California-,. -| 

J C W’alker 

W^ J. Hooker 

C. Chupp-- - 

K H. Laisun 

1. H. Vogel 

Q. S Pound..- .- .. 

. - .do 

K. Baker 

Cabbage.-... 

1 - .do - -. ..i 

1 . do 

! ...do .... 

do 

C’hinese cabbage 

C’abbage 

Sweet alyssuin .. 

Wl to W’2(K). 

Iowa- 1 to Iowa-30. 

I XYl to XY28 
! VV300 to Wr)50 

SI to S/iO 
psi to Psir>o. 
PS2(X). 

Cl to C25. 


EXPERIMENTAL RESULTS 

ISOLATION OF STRAINS 

From a mass culture of Phoma from a Chinese cabbage ])lant in the 
Puget Sound section, 150 monoconidial isolates w^erc established on 
potato-dextrose agar. As no variability was noted among these iso- 
lates, one, PS40, w^as selected for further study. A second monoconid- 
ial culture, PS200, obtained fi-om a mavss culture from a cabbage plant 
infected by Phoma in the Puget Sound section w^as also studied in some 
detail since it differed slightly from PS40. A third culture, Cl, of this 
group, which differed only slightly from both PvS40 and PS200, was 
sent to the writer from California by Kenneth Baker. 1 1 w as originally 
isolated from a seed field of Lobularia maritima (L.) Desv. 

Tw^o hundred monoconidial isolates were established from a culture 
of Phoma lingam received from J. C. Walker, of the University of 
Wisconsin. These were designated as Wl to W200. From these 
isolates 2 distinct culture types were obtained on potato-dextrose 
agar. Six (represented herein by W43) of the 200 isolates were fast- 
growing cultures which produced an abundance of aerial mycelium 
and relatively few pycnidia. The remaining cultures (represented 
herein by Wll) were all very slow in growth rate and produced an 
abundance of pycnidia, but very little aerial mycelium. 
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In February 1944 I. H. Vogel, of the Associated Seed Growers, Inc., 
gave the writer a leaf with a single Phoma lesion, suspected to be black- 
leg, from a cabbage plant growing at Salem, Oreg. Fifty monoconid- 
ial isolates (designated Si to S50) were made from the original culture 
obtained from the lesion. Three distinct culture types were found 
among these monoconidial isolates. One type (represented by Si) 
was very similar to the slow-growing type obtained from the Wiscon- 
sin culture, A second type (represented by S39) differed from the 
Si typ(' only in the production of small, black, sclerotitimlike bodies 
on the potato-dextrose agar. The third type (represented by S26) 
was a fast-growing culture, which differed from the fast-growing iso- 
lates of the Wisconsin culture in that it produced fewer pycnidia and 
a greenish-black pigment in the mycelium. 

Cultures obtained from blackleg material supplied from Iowa and 
New York were alike and practically identical with th(» fast-growing 
isolates obtained from the Wisconsin culture. Monoconidial isolates 
Iowa-11 and NYl were selected to represent the cultures from Iowa 
and N(‘w York, respe(*tively. From cabbage blacldeg material 
received from Wisconsin in 1945, 250 single-spore isolates were estab- 
lished. All of these isolates (W300 to W550) were essentially alike 
and practically identical with the cultures from New York and Iowa 
and with the fast -gi'o wing isolates obtained from the previous culture 
from Wisconsin. Thus, the following arbitrary groups and subgroups 
of Phoma, according to their characteristics on potato -dextrose agar, 
wore obtained from culture's isolated from cruciferous plants. 

Group 1: 

K. Slow-growing isolates of t\isconsiu culture. (Wll.) 

B. Slow-growing isolates of Oregon culture that produced no sclerotiuin- 

like bodies. (SI.) 

C. Slow-growing isolates of Oregon culture that produced selerotiumlike 

bodies. (S39.) 

Group 2: 

A. Fast-growing isolates of Wisconsin cultures, as well as cultures from 

Iowa and New York, (W43, NYl, Iowa- 11, and W307.) 

B. Fast-growung isolates of Oregon culture. (S26.) 

Group 3: Puget Sound isolates and the isolate from California. (PS40, PS200, 

and Cl.) 

CULTURAL (CHARACTERS OF STRAINS 
Growth Type 

• Examination of table 2 will reveal that the various representative 
isolates had (iistinct cultural characters. Isolates PS4(), PS200, and 
Cl w('re distinct from all others in the production of a yellow to 
brown, water-soluble pigment in the medium. Mycelial growth was 
much coarser than that of other isolates, and a yellow to tannish-browm 
pigmentation of mycelium was very distinct. Sporulation was mod- 
erate. The pycnidia of PS40 and Cl usually occurred in clusters, but 
occasionally developed singly. 

Isolates W43, NYl, lowa-ll, and W307 showed only minor differ- 
ences in type of growth. All produced an abundance of white to gray 
or grayish-brown aerial mycelium which ultimately became grayish 
black. No staling occurred at room temperature. Sporulation was 
slight and pycnidia developed singly. 
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Isolate S26 was similar in many respcets to NYl anti Iowa-11, but 
it was distinct on potato-dextrose agar in the production of a mycelium 
that had a powdtTy sheen and later dtwt'loped a characteristic gr(‘en- 
ish -black pigmentation from the etui ter of the colony out. Sponilatioii 
was very slight; pycnidia developed singly and wcrtj irregularly 
scattered over the agar surface. 

Table 2. — Characteristics of representative Phoma isolates grown on mail-extract^ 
oatmeal, and potato-dextrose agars for 6 weeks at room temperature 


Isolate 

Malt-extract agar 

Oatmeal agar 

Wll 

Growth slow; staling ulti- 
mately complete, mat out- 
line very irri'gular with 
dendritic pattern during 
first 2 we<*ks, becoming 
rather regular later, but 
always less eirculai than 
those of other isolates 
Aerial mycelium fairly 
abundant, white at perpih- 
ery of mat, greenish black 
at center Pycnidia \et-y 
abundant, small, black. 
Black pigment beneath 
mycelial mat wnth agt‘ 

Qiowdh moderately fast; 
staling slight; mat out- 
line regular. Aerial my- 
celium smut (much less 
than on maltH*\ tract agar), 
grayish white, in soine- 
w'hat conivntric i mgs. gu - 
mg a ronate apiH'arance 
Pycnidia very abundant, 
scattered evenly over siir- 
fatx*, .small, black Slight 
black pigment beneath 
uiycvlial mat with age. 

SI 

Grow'th slow’, staling ulti- 
mately eonifdetc; mat out- 
line always v<*ry regular. 
Aerial niywhum scant but 
more than on other agars. 
Pycnidia very abundant, 
.scattered evenly ovei sur- 
fact‘, small, black Zona- 
tion distinct with dark 
center, gi ayish-brow'n 

mid/one, and white ih*- 
njiheiy DitTcring from 
Wll chiefly in conspicu- 
ous donation and regu- 
larity of mat outline. 

Growth model ately fa.sl, 
staling slight, mat outline 
very legular. Aeiial niy- 
ctdlnm very .scant P>c- 
nidia very abundant , seal - 
t«*red evenlv over .surface 
at first, but m conciuitric 
rings later , small, black 

s:i9 

Almost same as .Si except for 
more conspicuous zona- 
tion. 

Giowth moderately fast; 
slHling slight, mat outline 
regular. Aerial m>«dium 
scant Pycnidia very 

abundant, very conspicu- 
ously, conci'ntrically zon- 
ate (very differtuil from 
W 1 1 and S 1 ) llem‘mbling 
SI in other msts'cts. 

S‘2G_ 

Grow’th moderately fast 
(much sknver than on 
potato-dextrose agai); 
.staling very little, mat 
outline very legular. 
Aerial mycelium abim- 
dant, cottony, elevated in 
cvnter, later becoming 
dirty white, tending some- 
what to collapse and form 
concentric rings. Pycnid- 
ia scant, covered by my- 
wlium. Black pigment 
developing beneath fun- 
gus mat from ci'nter out. 

Grow’th very fast; staling 
none, mat outline regular 
Aerial mycelium iiKKler- 
ately abundant, white at 
first, but becoming yellow - 
ish white, denst* in i*enter 
producing a buHs-t'ye 
elfect. Pycnidia very 
.scartv. Slight pinkish jiig- 
menl developing in eeiitcr 


rotalo-(l«*xttost* apar 


Growth fairly slow, staling 
niO(i(‘rat<‘. mat oiitlmo 
regular to voiy inopular, 
often with dj-ndritic ])at- 
t«‘rn Aerml in>f*clium 
scant, Kiayish white, sub- 
ineiped inyceliuTn milky 
w'hite. Pycnidia very 
abundant, scattered evenly 
over surface and sub- 
merged. small, black 
Slipht black pipm(‘nf b(‘- 
neath mycelial mat with 
ape, 

Giowth model ately fast at 
first, staling complete after 
wet'ks (ultimately dis- 
tinctb mor(‘ than that of 
Wll), mat outline very 
regular. Aerial mycelium 
veiy .scant Pycnidia 
abundant . scattiTcd v \ enly 
over surface and sub- 
meig<*d. .small, black 
.Slight conation of alter- 
nating light and daik aieas 
very pronounced, black 
pigment b(*neath mycelial 
mat \eiy ditTeient from 
that of Wl 1 with age 

Growth model alelv fast at 
first, staling complete with 
age; mat oullme very 
leathery Pycnidia scant. 
Pclerotiumhke bodies scat- 
tered over surfac(\ but 
piling up in miter, about 
(’ 5 mm in diametei , block. 
Diflering from giowth of 
S;vi on othei agars and 
<lilTering distinctly from all 
other isolates in pioduction 
of sclerotiumlike bodie’s 
rigment beneath mycelial 
mat very pronounced, 
black with age. 

(irowth \ery fast; staling 
very little, mat outline 
very regular Aerial myci*- 
hum model atidy abundant , 
coam‘, powdery white at 
first, becoming greenish 
black from ctmter out until 
whole mat involved Pyc- 
nidia scant , I elat ively lai ge 
JUfiering fiom other iso- 
lat<*.s in gicenish-black pig- 
ment and powdery sheen of 
mycelium. 
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Table 2. — Charactenstics of representative Phoma isolates grown on malt-exiractt 
oatmeal^ and potato-dextrose agars for 6 weeks at room temperature — Cob. 


Isolate 


Malt-extract agar 


Oatmeal agar 


Potato-dextrose agar 


lowa-ll. 


NYl. 


W43. 


Growth moderately fast; 
staling none; mat outline 
very regular. Aerial my- 
celium abundant, elevated 
in center, white. Pyc- 
nidia scant. Black pig- 
ment developing beneath 
mycelial mat. liesembling 
S26. 


Same as Iowa-11 except for 
much flatter mat center. 


Almost same as Iowa-11; 
resembling NYl except 
for elevated center like 
that of Iowa-11. 


Growth very fast; staling 
none, mat outline regular. 
Aerial mycelium moder- 
ately abundant (much 
less than on malt-extract 
agar). Pycnidia scant. 
Pigment developing slow- 
ly b<*neath mycelial mat, 
black. 


Same as Iowa-11 except for 
less abundant mycelial 
growth and greater zona- 
tion with alternate ring.s of 
gray and tan-white myce- 
lium 

Almost same as Iowa-11. 


Growth very fast; staling 
none; mat outline very regu- 
lar. Aerial mycelium mod- 
erately abundant, white to 
gray. Pycnidia at center 
scant, large; pycnidia later 
scattered throughout, 
small. Black pigment 
developing beneath myce- 
lial mat; agar occasionally 
pinkish. Differing from 
Wll and SI in typo of 
growth and amount of 
sporulation; resembling S20 
III many resfiects. 

Same as Iowa -11 except for 
being zonato at the periph- 
ery of mat. 


Almost same as Iowa-11 and 
NYl except for dense' 
green i.sh-black pigmenta- 
tion of central zone, which 
becomes studded with 
pycnidia more quickly than 
lowR-11 and NYl. 


W307 


PS40 


PS200.. 


Cl. 


Not studied. 


Growth moderately fast; 
staling none, mat outline 
very regular. Aerial my- 
cedium very abundant, 
very coarse, white at first, 
but rapidly turning yel- 
low to tan to brown from 
center out and remaining 
much darker at center. 
Pycnidia scant to mo<ier- 
ately abundant. Yellow 
to brown pigment diffused 
throughout agar. 


Same as PS40 except for 
noticeably lighter center 
of mat and finer myceliuni. 


Not studied. 


Not studied - 


Growth very fast; staling 
none; mat outline very 
regular. Aerial mycelium 
very abundant, coarse, 
yellow brown. Pycnidia 
inotleraf.ely abundant, usu- 
ally in clusters rather than 
evenly scattered over sur- 
face. Conspicuou.s pig- 
ment developing through- 
out, pink at first, becom- 
ing yellow liih brown. 


Not studied. 


do. 


Very similar to Iow'a~ll, 
differing in that mycelium 
is grayish brown and 
sometimes sulfur yellow 
in (‘ontral zone. 

Growth very fast; staling 
none; mat outline regulai. 
Aerial myouhum abun- 
dant, very coarse, white 
at first, but changing to 
yellow to yellowi.sh brown, 
becoming much darker in 
center and iiroduelng a 
bull's-eye effect. Pycuid- 
ia like those dcvcloiied 
on oatmeal agar; also 
strictly aerial pycnidia in 
old cultures, abundant, 
black. Yellow pigment 
diffused throughout agar. 

Same as PS4U except for 
aerial mycelium, wmite at 
first and bt'coraing less 
brown and more zonate, 
and pycnidia more abun- 
dant and in concentric 
zones. 

Very similar to PS20(); cot- 
tony white mycelium, 
becoming more grayish 
brown than tannish brow n. 
Pycnidia clustered in con- 
spicuous zonate rings. 


Isolate Wll was distinct from all others, but it was closest to SI. 
On potato-dextrose agar it produced verv little aerial mycelium, but 
rather a milky-white submerged growth. Its growth outline was 
mostly irregular and often assumed a markedly dendritic pattern. 
Sporulation was much more profuse than that of the fast-growing 
cultures. Pycnidia were closely arranged with no semblance of con- 
centric zonation. Ultimately cultures became staled and dark. The 
growth outline of isolate Si was regular in contrast to the dendritic 
pattern often produced by Wll, and a greater tendency for zonation 
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existed; ultimately staling was more pronounced and cultures assumed 
a distinctly blacker appearance. 

Isolate S39 differed froJA’ Si on potato-dextrose agar in the pro- 
duction of numerous black sclerotiumlike bodies (about 0.5 mm. in 
diameter) instead of small pycnidia. Pycnidia later developed in 
these sclerotiumlike bodies, and spore masses were discharged. 
Spore production, however, was much less than that of SI. A few 
small pycnidia like those of Si were occasionally produced along with 
the sclerotiumlike bodies. On malt-extract and oatmeal agars, how- 
ever, these sclerotiumlike bodies were not produced; instead, a pro- 
fuse development of small, black pycnidia occurred and the growth 
of isolate S39 was practically identical with that of Si. 

The cultural characteristics of representative isolates at room 
temperature are shown in figure 1. 

Growth type at 30® C. was different from that at room temperature 
for most of the isolates studied. Isolate PS40 produced a much 
more intense pigmentation of agar, the pigment ultimately becom- 
ing plum red. The mycelium was coarser and much darker than at 
room temperature. Isolates Iowa-11 and NYl produced white to 
grayish-white mycelial mats with less mycelium and almost none of 
the pigmentation found at room temperature. Isolate S26 produced 
an elevated mycelial mat* with considerable grayish-black aerial 
mycelium and a hard stromalike growth beneath the mat at 30®. 
Both Wll and Si were regular in outline at 30® and produced a raised 

B owth with considerable aerial mycelium, gray in Wll and grayish 
ack in Si. A hard stromalike growth developed beneath the mat, 
and pycnidia were fewer than at room temperature. 


Growth Rate 

Tables 3 and 4 show that isolates Wll, Si, and S39 were very 
similar in growth rate at room temperature but that minor differences 
occurred. Staling of Si was more pronounced and its ultimate 
growth was less than that of W 1 1 . Regardless of the type of medium 
used Wll, Si, and S39 always grew slowly and eventually staled. 
Frequently fan-shaped growth developed from portions of a staled 
culture, giving it a very mregular outline. These areas of new growth 
were often numerous enough to coalesce and the result was a con- 
siderable increase in growth diameter. Isolates S26, W43, NYl, 
Iowa-11, and PS40 were all very similar in growth rate, and staling 
rarely occurred at room temperature. The growth outline was 
always regular, regardless of typo of medium used. Isolate W43 
showed a considerably slower growth on rutabaga-dextrose agar than 
did others of this group. Isolates Cl and W307 were not included 
in these comparative tests. 

In table 6 comparative growth rates at room temperature and 30® C. 
for some of the isolates are given. At 30® isolates Wll and Si were 
very similar, both being much more severely staled than at room 
temperature. S26, a fast grower at room temperature, was severely 
staled at 30® and ultimately its growth was no greater than that of 
Si. Isolates NYl and Iowa-11 showed no appreciable difference 
in growth at the two temperatures until after 8 to 10 days, when 
growth at the high temperature became less than at room temper- 
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Figure 1 . — Representative 2-week-old cultures of Pkoma on potato-dextrose 
Mar at room temperature: A, Iowa-11; B, PS40; C. W43; B, S26; SI; F, 
Vir 11; Gj S30* 
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ature. Isolate NYl was staled more than Iowa~ll; it was ultimately 
completely staled. Growth of both isolates at 30° fell considerably 
short of that at room temperature. Isolate PS40 had approximately 
the same g^rowth rates at the two temperatures. 

Table 3. — Growth rates of representative Phoma isolates in 6-ounce bottles^ at room 
temperainrej on malt-extract and potato-dextrose agars 


[Each value is an average from 3 single-spore cultures] 





Growth in indicat(>d iwriod (days; 

) 



4 

7 

11 

13 

15 

18 

20 

40 


Mtlli- 

MUli- 

Mini- 

Mtlli- 

Milli- 

MtUt- 

Milli- 

Mm- 

Malt-oxtract agar: 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

Wll 

2 

7 

10 

12 

15 

22 1 

26 

73 

SI 

2 

7 

12 

14 

18 

26 

29 

71 

S39 

2 

7 

12 

14 

19 

25 

30 

69 

S2fi . 

3 

8 

18 

24 

31 

37 

43 

101 

W43 

4 

11 

20 

27 

39 

48 

55 

(•) 

NYl. 

4 

12 

24 

37 

47 

57 

65 

(>) 

lowa-11- - 

4 

14 

26 

38 1 

47 

57 

64 

(‘) 

I\S40... ... 

5 

18 

27 

37 

49 

50 

63 

(*) 

Potato-dcxtrosi* agar* 

Wll 

2 

9 

30 

40 

52 

59 

66 

92 

SI 

2 

14 

32 

38 

45 

51 

53 

60 

839 

2 

11 

32 

39 

49 

56 

63 

76 

S26 - 

6 

28 

50 

65 

75 

87 

93 

t}) 

W43 

8 

28 

48 

61 

81 

88 

(>) 

(«) 

NYl 

8 

33 

58 

74 

88 

(>) 

(>) 

(0 

Iowa-11 

8 

32 

58 

73 

88 

(•) 

0) 

(«) 

PS40 

11 

35 

57 

73 

84 

(0 

0) 

(0 


' Growth had filled bottle and was b(*yond measurement. 


Table 4. — Growth rotes of representative Phoma isolates in 6-ounce hottleSyat room 
temperaturCf on rutabaga-dextrose agar 

[Each value is an average from 3 cultures inoculated with 3-mm. agar disks from lU-day-old cultures] 






Growth in indicated period (days) 





1 

3 

5 

7 

9 

11 

13 

15 

17 

21 


Milli- 

Milli- 

MiUi- 

MtUi- 

Mtlli- 

Milli- 

Milli- 

Milli- 

Mtlli- 

MiUt- 


meters 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

meters 

Wll 

5 

10 

16 

25 

34 

37 

42 

47 

51 

57 

81 . 

5 

14 

22 

29 

36 

38 

41 

43 

44 

50 

839 

7 

18 

28 

36 

40 

42 

43 

45 

46 

47 

826 . . 

8 

21 

33 

45 

60 

73 

81 

88 

97 

(0 

W43 

5 

11 

22 

35 

47 

54 

58 

63 

69 

76 

NYl 

t 7 

20 

33 

48 

65 

79 

89 j 

102 

(M 

lO 

Iowa-11 

8 

22 

35 

49 

65 

81 

92 

104 

(’) 

0) 

PS40 

7 

19 

31 

45 

60 

74 

83 

95 

(M 

(0 

PS21X) 

6 

19 

31 

44 

60 

75 

87 

99 

(') 

(0 


» Growth hal filled bottle and was beyond measurement. 


STABILITY OF STRAINS 

Numerous mycelial transfers and single-spore subcultures were 
made of the isolates being studied. Several saltant strains were 
isolated from the single-spore cultures. These saltant strains were 

S st as stable through successive transfers as the parent strains. 

utants arising as mycelial sectors occurred most frequently in cul- 
tures subject to staling. This was especially true of isolates Wll 

750541 - 
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Table 6 . — Growth rates of representative Phoma isolates in S-^ounce bottles, at room 
temperature and 30^ C., on potato^dextrose agar 


[Each value is an average of 8 hypha-tip cultures of each monoconidlal isolate] 


Isolate 

Temperature 



Growth In Indicated period (days) 



r c .) 

6 

8 

10 

12 

14 

16 

18 

22 

27 

33 

51 



Mi/li- 

metm 

Mi«i- 

MiUi- 

msters 

MUli- 

meters 

Mmi\ 

meters 

Mmi- 

meters 

Mali’ 

meters 

MiUi’ 

meters 

MiUi- 

m^iers 

Miin- 

meters 

MiUi’ 

meters 

Wll 

/Room 

6 

16 

28 

39 

51 

61 

69 1 

85 

97 

104 

(') 

\30° 

4 

8 

10 

13 

16 

19 

21 ! 

25 

27 

30 

34 

si 

/Room 

10 

22 

31 

39 

44 

60 

54 

63 

72 

79 

(0 

\30® 

3 

6 

8 

10 

14 

19 

23 

27 

31 

36 

41 

826- 

/Room 

22 

39 

63 

67 

82 

96 

0) 

0) 

(0 

0) 

(‘) 

130® 

6 

7 

8 

10 

13 

16 

18 

21 

24 

29 

39 

NYl 

j Hoorn 

23 

39 

63 

66 

80 

91 

98 

(0 

(0 

(0 

(0 

130® 

24 

39 

46 

50 

53 

54 

67 

60 

66 

68 

77 

Iowa-11 

/Room 

26 

42 

57 

71 

84 

97 

(0 

(») 

(0 

0) 

(0 

130® 

27 

46 

68 

67 

74 

77 

80 

83 

87 

94 

(>) 

PS40 

/Room. 

25 

40 

52 

65 

80 

93 

(') 

(0 

(>) 

0) 

(0 

\30® 

30 

48 

62 

73 

87 

97 

0 ) 

(>) 

(0 

0) 

0 ) 


1 Growth had filled bottle and was beyond measurement. 


and Si growing at 30° C. Practically always the saltants grew faster 
than the parent strains. Growth characters on potato-dextrose agar 
of some of the saltant strains are as follows: 

WllMl. — Fast-growing, white sector that arose at 30® O. Outline of mycelial 
mat regular but feathery; aerial mycelium abundant, white, with conspicuous 
cottony balls; pigment beneath mat slight, pinkish; at room temperature sporula- 
tion moderate and pycnidia very large, angular, and compound. 

WllMS. — Fast-growing sector that arose at 30® 0. At room temperature 
outline of mycelial mat regular; pycnidia abundant, small, black; growth resem- 
bling that of Wll. At 30° growth faster; pycnidia moderately abundant, small, 
black; pigment beneath mat greenish black; growth very different from that of 
Wll, 

Wll MS, — Fast-powing, white sector that arose at room temperature. My- 
celium white, mostly submerged; pycnidia abundant, small, with thin, light- colored 
walls; spore discharge heavy, giving entire surface a bright-pink color; distinctly 
different from other isolates. 

W11M4, — Fast-gjrow'ing, white sector that arose at 30® C. Pycnidia scant, 
small, black; differing from WllMl in almost complete absence of sporulation 
at room temperature^ 

WS3M2, — Fast-growing, white sector that arose from W33, a sister culture 
identical with Wll, at room temperature; almost identical with W43 and Iowa-1 1 . 

W3SMS, — Yellow-tan sector that arose at room temperature. Mycelium al- 
most entirely submerged; pycnidia none; sclerotiumlike bodies yellow, 0.25 to 
0.6 mm. in diameter; medium pigment yellow. 

W38M6, — Fast-growing, white sector that arose at room temperature; identical 
with W33M2. 

Ml, -"-Fast-growing sector that arose from staled culture at room tempera- 
ture; identical with S26. 

81M1M1, — Fast-growing, fleshlike,. white sector. Mycelial mat dense, white, 
ultimately pinkish; sporulation and pigmentation slight. Growth of this type 
in many S cultures, often overrunning cultures that were untouched for several 
months. 

SIMS, — Fast-growing, white sector that arose in staled culture at 30® C. 
Growth rates same at 30° and room temperature ; aerial mycelium pinkish white ; 
sporulation none; with age very similar to SI Ml Ml. 

81M4, — Fast-growing, white sector that arose at 30° C. Mycelium with 
cottony balls like that of WllMl; pycnidia very large, compound, like those of 
WllMl; very distinct from all other S cultures. 

S39M1. — Sector that arose in staled culture at 30° C.; mycelium abundant; 
pycnidia none. 
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S26M1, — Fast-growing, white sector that arose in staled culture at 30® C.; 
mycelial pigment yellow green. 

S26SS1 , — One of 10 single-spore transfers; identical with SI. 

S6M1 . — Sector that arose as a fleshlike, wiiite growth in S6, a sister culture 
identical with SI, at room temperature; identical with Si M3. 

S6M1M1 . — Sector that arose at room temperature; identical with S26. 

Iowa-11 Ml . — Sector that arose at room temperature; mycelium abundant; 
pycnidia none; pigment none. 

Jowa-llSSl . — One of 10 single-spore transfers, indistinguishable from Wll 
at room temperature, but with 3 times as much growdh at 30® C. 

Other saltations that occurred are not listed here. The fleshlike 
types were recovered particularly from the S isolates. Of the orig- 
inal 200 single-spon' isolates of the W series more than 60 changed 
from the slow-growing, small-pycnidiate type to the fast-growing, 
large-pycnidiate Iowa-11 type during a 7-month incuV)ation in test 
tubes without transfer. One changed until it was identical with 
W11A13; 1 was identical with W33M3; 2 were identical with Wl 1M4; 
and others show(‘d intermediate rates of growth and degrees of spor- 
ulation. Very similar changes oc.cmrred in the S series during the 7- 
rnonth period; many of the Si type changed to faster growing forms. 
One recov(Te(l was identical with SlM3; 1 was identical with SlM4; 
and several were' of the S26 tvpe. These data seem to indicate that 
slow-growing forms frequently change to fast-growing typt»s wIkui 
(‘onditions for growth are unfavorable. During the 7 months without 
transfer the cultun^s had dried down considerably. 

It may Ix' noted that some of the different groups set up on page 
116 have been found to ])e linked together by saltation. Thus, the 
fast-growing type of group 2 A was derived from the slow-growing 
type of group 1 A in W33M2 and W33M5. Similarly, group 2 B 
was derived from group 1 B in SlMl and S6M1M1. Also group 
1 A was derived from group 2 A in lowa-l iSSl, and group 1 B was 
derived from group 2 B in S26SS1. In addition, several distinct 
forms such as WllMl, W11M3, S39A11, and lowa-llMl were 
isolated. 

No sectoring was ever observed in isolate PS40. 

MORPHOLOGY OF STRAINS 

In table 6 are given the sizes of conidia of various representative 
isolates. It can be seen that there was relatively little difference in 
the widths but that differences did occur in lengths. The isolates 
obtained from the East (Wll, Iowa-11, and NYl) did not diftVr 
much in spore size; nor did the isolates of the S series tSl, S26, and 
S39). However, conidia of the S group were noticeably shortei 
than those of the eastern group. Conidia of isolate PS4() were still 
shorter, but their lengths were nearer those of the S isolates. The 
close agreement of the sizes of the conidia of the S isolates might 
suggest their origin to be somewhat removed from that of the isolates 
from the East. 

The sizes and the types of the pycnidia arc given in table 7. The 
isolates were not grouped for pycnidial size as they were for spore 
size. A great diversity of pycnidial size and shape occurred among 
the isolates. Although pycnidia of a single ivsolate varied consider- 
ably in size and shape, they were regular enough to be characteristic; 
Wll and Si always produced small pycnidia, and Iowa~ll and NYl 
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always prodticed large ones. When a slow-growing, small-pycnidiato 
form gave rise to a fast-growing type, there was a corresponding 
change in the size of the pycnidia (for example, W33M2, W33M5, 
and SlMl). 


Table 6. — Measurements of conidia of representative Phoma isolates grown for 2 
weeks on potato-dextrose agar 

[Mcasuremonts of 100 spores except as indicated] 


Isolate 

Width 

Length 

Average 

Maximum 

Minimum 

Average 

Maximum 

Minimum 


M 



M 

M 

u 

Wll > 

1 69 

2 50 

l.OS 

4. 34 

5 83 

3. 25 

lowa-ll 

1.67 

2 OS 

1 OS 

4 39 

5.83 

3 33 

NY12 

1 73 

2 SS 

1.17 

4 41 

5. as 

3 33 

SI 

1.66 

2. OS 

1.25 

4 OS 

5. 50 

3 35 

.S39 

1 62 

2 33 

1.00 

4 07 

5. 87 

3 25 

S20 

1 fit) 

2 50 

1 25 

4 09 

5 91 

3. 17 

PS40 

1.62 

2.08 

1.25 

3.97 

5 80 

3 OS 


‘ 150 sj)on‘S measured. 
2 50 spon's measured. 


Table 7. — Sizes and lypes of pycnidia of various Phoma tsolaies and their saltanrs 
grown on potato-dextrose agar at room temperature 

[Measurements and observations on 100 pycnidia of each i.solatt'] 


Isolate 

Average 

width 

Wll 

^179 

WllMl 

650 

W11M3.. 

156 

SI 

139 

S1M4 

744 

S26 

236 

S39. 

633 

Iowa-11 

385 

W43 

332 

PS40 

340 


Description of pycnidial type 


Size and shape rather regular (round to broadly flask-shaped with broad base, 
slightly beaked and slightly papillate), usually simple*, but sonu*times com- 
pound, decidedly black; spore masses readily disch8rge<i 

Regular an<l roundish at first, but becoming irn‘gular and angular with 
numerotis flngerlike protuberanci'S thought to be small pycnidia, spores not 
readily discharged, but large masses released by crushing. 

Shape very similar to that of Wll, but size noticeably smaller and wall color 
noticeably lighter; pycnidia made iimkish by spore masses even before dis- 
charge; siKjre ma8.ses discharged profusely. 

Size and shape similar to those of Wll exc(*pt smaller and slightly more flask- 
shaijed. 

Indistinguishable from WllMl. 

Size rather irregular (.some fiask-shaped like those of SI; others roundish 
like those of lowa-ll), lighter colored than those of SI; spore discharge slight. 

Sclerotiumlike bodies large, roundish, smooth, hard, black, with slight spore 
discharge at different points, probably indicating presence of pycnidia that 
develo{>ed peripherally In them. 

Size and shaiie in general rather regular (large, roundish) , occasionally beaked, 
irregular, and compound; lighter in color and more papillate than those of 
Wll; spore masses readily discharged. 

Almost same as Iowa-11. 

Size and shape very irregular (some very small, flask-shaped like those of 
Wll others large, nmnd like those of Iowa-11, distinctly beaked); many 
simple, others compound, black. 


PATHOGENICITY OF STRAINS 

Numerous tests were made to determine the pathogenicity of repre- 
sentative isolates and their saltants. One method of inoculation was 
to soak seeds of the host species being tested in a spore suspension for 
48 hours before planting. Within 2 weeks the emerged seedlings 
developed cotyledonary lesions and severe damping-off. Isolates 
PS40, PS200, and Cl were easily distinguishable from all others by 
this method. The cotyledonary lesions caused by these isolates 




Aug. 15, 1947 Variability in Phoma ling am 125 


appeared 3 to 5 days earlier than those caused by other isolates and 
were of a distinctly different type; usually they were marginal and 
chocolate brown from the beginning and enlarged slowly; the pycnidia 
produced on the lesions were few, relatively large, and more brown 
than black. Cotyledonary lesions produced by all other isolates 
were almost identical and appeared as shrunken, dark-green areas, 
which rapidly enlarged and became thickly studded with pycnidia 
before the lesion surfaces Ix'camc dark. Results obtaiiH'd on radish 
(Raphanus sativum L.), Chinese cabbage, cabbage, turnip, rutabaga, 
kale (Brassica oleracea var. acephala DC.), and brussels sprouts 
(B. oleracea var. gemmijera Zenker) in one such test are given in 
table 8. It is apparent that isolates Si, S39, and S26 were generally 
less virulent than the others. 


Table 8. — Results of 'inoculating seeds of various cultivated crucifers with repri- 

sentaiive isolates of Phoma 


Approximate portion of seedlings of indicated six'cies killed 


Isolate 

Radish 

Chinese* 

cabbage 

Cabbage 

Turnip 

Rutabaga 

Kale 

Brussi'ls 

sprouts 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Wll 

1 40 

80 

80 

m 

100 

KM) 

1(H) 

SI 

40 

40 

00 

40 

100 

60 

40 

S89 

20 

40 

40 

20 

GO 

GO 

40 

S2(5 

20 

20 

20 j 

20 

40 

40 

40 

NYl 

t 80 

100 

1(K) ' 

40 

KM) 

100 

80 

W43 

fiO 

80 

80 1 

(M) 

KM) 

100 

1 100 

I‘S40 

HO 

100 

100 

40 

60 

100 

100 


Inoculations of older plants were made by spraying the leaf surfaces 
with spore suspensions and by sponging leaves previously sprinkled 
with powdered carborundum with a ball of absorbent cotton dipped 
in a spore suspension. Tlu* carborundum removed some of the bloom 
and thus inen^ased the wetting of the leaves. Stem inoculations were 
made by dipping roots of smtul seedlings in a spore suspension Ix'fore 
transplanting and by pouring spore and mycelial suspensions on the 
surfaces of soil in which plants were growing, with and without wound- 
ing the stems. In table 9 arc given the results obtained with large 
plants of cauliflower (Brassica oleracea var. botrytis L.), broccoli 
(B. oleracea var. botrytis L.), rape (B, napus L.), and other species. 

On leaves of brussels sprouts isolates Si, S26, S39, and rS40 pro- 
duced very similar effects. Black necrotic flecks surrounded by a 
conspicuous chlorotic halo developed at the infection sites. These 
flecks enlarged very slowly and rarely exceeded 5 mm. in diameter, 
but occasionally they developed into extensive necrotic areas. Sporu- 
lation was slight. Isolates Wll, Iowa-11, W43, and NYl produced 
much more extensive ne(;rosis than the other group, causing complete 
blighting of the leaves. Lesions did not develop the conspicuous 
halo produced by the other strains. Sporulation was slight. On 
stems of brussels sprouts the isolates differed from each other only 
in virulence and in degree of sporulation. All produced lesioris 
typical of blackleg, but none was as virulent as on cabbage or cauli- 
flower. 
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Remits of inoculating leaves and stems of various cultivated crucifers 
with representative Phorna isolates and their saltants 

t+f slight virulence; ++» moderate; ++4-i severe; ++++» very severe] 


Virulence of symptoms on host indicated 


Isolate 

Cabbage 

Brussels 

sprouts 

Cauliflower 

Broccoli 

leaves 

Tur- 

nip 

leaves 

Ruta- 

baga 

leaves 

Kale 

leaves 

Chinese 

cabbage 

leaves 

Rape 

leaves 

leaves 

Stems 

Loaves 

Stems 

Leaves 

Stems 

Wll 

++++ 

4-+ 

+++ 

4 

44 

444 

4444 

4444 

44 

444 

4 

44 

++ 

444 

44 

44 

4 

444 

44 

44 

4 

44 

44 

44 

44 

4 

444 

444 

444 

444 

44 

444 

4 

4 

44 

44 

4 

4 

44 

444 

44 

444 

4 

44 

44 

44 

4 

44 

44 

4444 

444 

4444 

44 

444 

44 

44 

4 

4444 

444 

44 

444 

4 

4 

4 

4 

4444 

44 

WllMl — 

W11M2-. 






wnM:i 






W11M4.-.. 
SI 

*444 





44 

4444 

4444 

44 

SlMl.-- . 

S1M3. 








S1M4 

— 



44 



4 



S26--- . 

444 

444 

44 

4 

444 

4444 

44 

S26M1.- 



S39 

444 

■ 444 ' 


"44 “ 

444 

444 

444 

444 

44 

44 

“44“ 



4 

4444 


444 

44 

S39M1._ . 


Iowa-11 

W43- 

NYl 

4444 

4444 

4444 

4444 

4444 

4444 

4444 

44 

44 

4444 

4444 

4444 

444 

444 

444 

444 

44 

44 

4444 

4444 

4444 

4444 

44 

““ 4 " 

4 

4 

4444 

4444 

4444 

444 

444 

444 

444 

44 

4444 

4444 

4444 

44 

44 

44 

W307. .. 

PS40-.._ 

'444‘ 

444 

44 

444 

444 


44 

44 

'44 V 

4 

Cl 

4 
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Table 9. — 


On leaves of cabbage, cauliflower, and broccoli symptoms pro- 
duced by PS40 wore distinct from all others except those produced 
by W11M3, which they closely resembled. Numerous black necrotic 
flecks developed in 6 to 10 days. These small lesions enlarged very 
little before the leaves became chlorotic and abscised. Sporulation 
was scant to none. Occasionally a few lesions enlarged and developed 
light centers and pycnidia as in nature. Several weeks were required 
to reach this stage. If the spore load used was not very light, the 
leaves fell off before this stage of development was reached. On 
cabbage and cauliflower isolate Cl was identical with PS40. Isolat(*s 
Wll, WllMl, W11M2, NYl, Iowa-11, W43, and W3()7 produced 
identi(‘.al symptoms as circular lesions which rapidly enlarged, co- 
alesced, and caused complete necrosis. Affected tissue collapsed as 
if killed by steam and was covered with pycnidia while still dark 
green. Eventually the lesion surfaces became ashen gray. Isolates 
Si, S26, S39, SlMl, and SlM4 produced similar symptoms but were 
generally less virulent than the eastern isolates. Isolate Wll M3 was 
very much less virulent than Wll and produced symptoms more like 
those of PS40. Typical symptoms produced on broccoli leaves by 
isolates Wll, PS40, and W^11M3 are shown in figure 2. 

On the stems of large cabbage plants (fi^. 3) all the isolates tested 
produced lesions typical of blackleg. Again PS40 and the S isolates 
were less virulent than Wll, NYl, and Iowa-11. Isolates of the 
second group often killed the plants. 

On leaves of Chinese cabbage isolate PS40 was distinct from all 
others tested (fig. 4). Numerous black flecks appeared 2 to 4 days 
before symptoms were produced by other isolates. These angular 
lesions developed very slowly and reached a diameter of not more 
than 3 to 5 mm. before the leaves became yellow and abscised. 
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Figure 2. — Symptoms produced on broccoli leaves by three Phoma isolates: A, Wll; B, PS40; C, \V11M3, Note abundance of pycni( 
on lesions produced by Wll and their absence on others. Note also the similarity of the lesions produced by PS40 and WllMS. 
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Figxjre 3.— bymptoms produced on stems of large cabbage plants by various 

NYI; 0, Wll; D, uniriooulated; E, S26; F, 
S39; Of &l:Hf PS40. Note that the lesions produced by thfe eastern isolates 
(lowar-lL NYl, and Wll) are more severe than those produced by the western 
isolates (826, 839, 81, and P840). 




l<'i(n uf: 1. —Symptoms produced on Chinese cahba^^e leaves by Phoma isolates: 
A, loN>a- 11, and /i, rS40, Xote abundance of pycnidia on lesions pro(hiC(*d 
by Io\\a-ll and the flecking only produced by PS 10. 


Sponilation was scant. When a very light spore load was used, how- 
ever, l(‘sions reached diainettTs of 10 to 20 mm., b(‘cam(» brown, and 
wer(‘ covered with pytaiidia. When the infections occurred on the 
fleshy petiole, necrosis often extended to the leaf axil and lesions 
formed on the sttuns. These symptoms approximated those occurring 
in nature. Isolates Si, S20, S»19, W^ll, NYl, and Iowa 11 caused 
small flecks, which rapidly (Uilarged and b(»came covered with pycnidia 
before extensive necrosis was evident. There was little difference in 
the symptoms produced by these isolates. 

On turnip leaves all isolates produc(‘d only pin-point necrotic 
flecks. These lesions did not develop beyond the fleck stage, and no 
abscission resulted. No isolate sporulated on this host . On rutabaga, 
however, all isolates produced extensive infection and browui necrotic 
lesions up to 20 mm. in diameter. All isolates produced similar 
effects on this host, but PS40 and Cl were h'ss virulent than the others. 

In the spring of 1945 rutabaga plants in rnidbloom were sprayed 
with spore suspensions of SI, S26, S39, Wll, NYl, Iowa-11, and 
PS40. At biweekly intervals during the remainder of the blossoming 
period the plants were watered with a hose nozzle to simulate rain- 
750641—47 H 
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storm conditions. At maturity the pods were examined and lesions 
typical of those caused by Phoma lingam were found on pods inoculated 
with all isolates (fig. 5). The lesions produced by isolate PS40 
differed from the others only in producing fewer pycnidia. Seed 
from infected pods was accidentally destroyed before a test for seed 
transmission coi;ild be made. 



FifU'RE 5. — A, Healthy rutabaga seed pod. B-G, Lesions i)ro(lucefl on rutabaga 
seed pods by various Phoma isolates: B, SI; (7, S26; I), S39; K, \\'ll ; F, \\ 1 ; 
G, PS40. Note similarity of the lesions. 


Thus, in the pathogenicity tests recorded isolates of the S series 
and PS40 were nearly always found to be less virulent than isolati^s 
Wll, NYl, and Iowa-11. Isolate W11M3, a saltant of Wll, was 
much less virulent than Wll and more like PS40 in the type of 
symptoms that it produced. 


DISCUSSION 

The disease caused by a Phoma species described in this paper has 
been observed to occur regularly in the seed-growing district of the 
Puget Sound section of Washington. Only traces have been found 
in cabbage fields, where it causea scattered leaf lesions and occasional 
stalk rots of seed plants. Typical blackleg of cabbage, however, has 
not been observed in this district. The same species of Phoma has 
also been observed to infect rutabaga, turnip, and Chinese cabbage 
seed plants in the Puget Sound section. On Chinese cabbage it has 
been more virulent than on other hosts. On this host lesions com- 
monly occur on leaf petioles from which they spread to the leaf axil, 
and stalk infections result. As flower heads emerge from leaf axils. 


Aug. 15, 1047 


Variability in F horn a ling am 


131 


they become infected and severe blighting of florets results. Lesions 
on stalks at the ground level and above are common and cause stalks 
to break over. Sporulation on lesion surfaces is abundant. Lesions 
have not been found to occur naturally on seed pods, and it is believed 
that the dry season during which pods develop and mature checks 
the spread to seed pods. That the Puget Sound Phoma can infect 
pods was shown by experimental work. Although in the threshing 
process seed surfaces could come in contact with spores, it is not 
believed that this would result in much seed transmission, since 
naked spores do not remain viable long. It was not determined 
whether this strain infected seeds internally as does the Phoma that 
causes cabbage blackleg. 

How the Puget Sound Phoma lives ov(‘r from sc^ason to sc^ison was 
not determined; but, since thcTC is neither much crop rotation nor 
any crucifer-free period in the production of cruciferous seed crops 
in the Puget Sound section, overwintering would not be a factor in 
the disease cycle. The rather weak appearance of this fungus on 
cabbage in nature plus its widespread oc(*urrence might indicate that 
it occurred commonly as a soil-borne saprophyte and l(‘ss commonly 
as a parasite. Its extreune pathogenicity on certain hosts in the 
greenliouse would indicate, however, that it is not nec('ssarily a 
facultative parasite. This is further borne out by its virulence on 
Chinese cabbage in nature. In view of the long and intensive culture 
of crucifer seed crops in the Puget Sound sc^ction, it seems more 
probable that this Phoma is carried from crop to (‘rop by plant debris 
and living hosts. 

The noma lingam that causes typical blackleg of cabbage was 
sliown to be very variable, and several cultural strains of it were 
isolated. These strains differed markedly in growth type and rate 
and slightly in pathogenicity and morphology. Saltation occurred 
frequently and was found to link the strain groups together. Un- 
favorable growing conditions apparently increased the frequency of 
saltation. It is very probable that further study would revival 
numerous other types. In view of the wide variability of P. lingam 
it seems logical to conclude that the Puget Sound isolates, the Oregon 
isolates, and the California isolate, which fall within that range of 
variability in morphology, physiology, and pathogenicity, are variants 
of P. Ungam. Althou^i the organism causing dry rot of rutabaga 
in New Zealand and Europe was not examined by the writer, it 
seems logical to conclude that it also belongs to P. lingam since the 
results obtained by Cunningham {2)y Hughes (^), and Buddin {!) 
indicate that it falls within the range of variability of this species. 

It may be well to point out, however, that, although the isolates of 
Phoma from the Puget Sound section were within the range of varia- 
tion of P. lingam, they showed certain points of difference. They, 
with the isolate from California, were distinct from all other isolates 
in the production of a water-soluble, yellow or brown pigment in the 
media, in a yellow to tannish-brown pigmentation of mycelium, and 
in the coarser appearance of the mycelium in culture. The Puget 
Sound isolate PS40 was apparently stable in culture, whereas isolates 
from the East and from Oregon were more or less variable. The 
conidia of PS40 were shorter than the spores from any other isolate. 



132 


Journal of Agricultural Research 


Vol. 76, No. 4 


Isolates from the Puget Sound section and from California were also 
distinct from other isolates in the type of lesion produced on coty- 
ledons of seedlings grown from inoculated seeds and in the symptoms 
produced on inoculated leaves of older cabbage plants. 

In view of these findings it is still a question whether the strain of 
Phoma found in the Puget Sound section would cause typical blackleg 
on cabbage in sections favorable to the disease even if it were trans- 
mitted there by seed from the Puget Sound section. Although it may 
be regarded as a strain of P. lingam, its potential danger as a harmful 
seed-borne pathogen on cabbage has yet to be demonstrated. Even 
though nothing in this study indicates that cabbage seed grown in the 
Puget Sound section is not free from blackleg, it should be pointed 
out that the Pacific coast seed-producing section cannot be regarded 
as free from all strains of P. lingam. Moreover, the occurrence of a 
mild strain of what appears to be P. lingam in the important Puget 
Sound section and of other strains in the Willamette Valley of Oregon 
is reason for emphasizing that the possibility of seed contamination and 
transmission in that section should not be overlooked. 

SUMMARY 

A Phoma has been found to occur regularly as a minor leaf spot and 
stalk rot pathogen of seed plants of cabbage, Chinese cabbage, 
rutabaga, and turnip in the Puget Sound section of Washington. 
Experiments showed that it is widely pathogenic on other cruciferous 
plants. It produces typical blackleg symptoms on Bramca oleracea 
in greenhouse tests. 

In determining the relation of this fungus to Phoma lingam, the 
cabbage blackleg organism, a survey of variability in the latt(‘r was 
made. Several cultural strains that differed in type and rat(‘ of growth, 
degree of staling, and amount of sporulation were established by 
single-spore technique. In a comparative study of these strains 
numerous saltants that tended to link the strains together wt're 
isolated. Cultural studies of the variant strains indicated that the 
Puget Sound isolates differed from those from typical blackleg ma- 
terial in absence of staling, in production of water-solubh' yellow to 
brown pigment in both medium and mycelium, and in a coarser 
mycelium. 

The Puget Sound isolates produced symptoms that diffeied from 
those produced by isolates from typical blackleg material in type and 
virulence and were thus separable from the latter. 

Only slight differences in conidialsize were found among the strains, 
but marked differences in size and shape of pycnidia occurred. 

The Puget Sound strain of Phoma appeared to fall within the range 
of variability in morphology, physiology, and pathogenicity of 
P, lingam and is considered a variant of it, 
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ELIMINATION AND RETENTION OF POLLEN STERILITY 
IN POTATO IMPROVEMENT ^ 

By Zola M. Fineman 

Formerly research assistant, Minnesota Agricultural Experiment Station 
INTRODUCTION 

Improvement in the potato {Solarium tuberosum L.) has f^enerally 
been accomplished through sexual breeding. Since pollen sterility 
interferes with sexual breeding, potato improvement would be facil- 
itated if this factor were eliminated from the breeding material. 
Pollen sterility is, however, a desirable character in a potato variety. 
Complete pollen sterility when present prevents fruiting in this 
normally self-pollinated crop. Bartholdi {2)'^ secured a significant 
increase in yield of tubers by removing flower buds from a self-fruitful 
(fertile-pollen) variety, and a significant decrease in yield by pollinating 
a nonfruiting (sterile-pollen) variety and producing fruit development. 
Thus pollen fertility is essential for potato improvement but undesir- 
able in a variety intended for cultivation. More complete information 
concerning the inheritance of pollen sterility would aid in the formula- 
tion of a breeding procedure that would reduce the interference from 
pollen sterility to a minimum and yet provide a means for its retention 
and utilization. 

Pollen sterility in potato varieties may be complete (sterile-pollen 
varieties) or partial (fertile-pollen varieties). The fertile-pollen 
varieties can be further classified according to the percentage of pollen 
that is stainable with acetocarmine {9). A description of the breeding 
behavior of a number of sterile-pollen and fertile-pollen varieties 
selected from the breeding material of the Minnesota Agricultural 
Experiment Station will be presented, together with a discussion of 
the significance of the results in respect to breeding procedure for the 
improvement of the potato. 

CHARACTERISTICS OF STERILE-POLLEN AND FERTILE-POLLEN 

PLANTS 

The breeding behavior of varieties was analyzed with respect to 
pollen sterility by classifying their progenies into sterile-pollen and 
fertile-pollen plants. 

Fertile-pollen plants were characterized by abundant pollen, with 
the stainable grains invariablj^ round and plump, 35 to 50 microns in 
size, and the nonstainable grains uniformly smaller and resembling 
collapsed spheres, and by the absence of pollen grains of the type 
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indicative of irregular meiosis. Examples of pollen from fertile- 
pollen plants are sTiown in figure 1. 



Figure 1. — Stainable and nonstainable pollen grains from {A) the fertile-pollen 
clone 15-2, which had 76.9 percent of stainable pollen, and (B) from the fertile- 
pollen clone 13-1, which had 24.9 percent of stainable pollen. X365. 
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Sterile-pollen plants were characterized by the absence of normal 
appearing stainable pollen grains (fig. 2) and by the presence of pollen 
indicative of irregular meiosis. The pollen of sterile-pollen plants 
ranged in quantity from scant to abundant; the grains ranged in siz(» 
from one-fourth to twice* the size of normal stainable grains, and were 
irregularly shaped (fig. 2). Further indications of irre*gular meiosis 



Fkhiue 2 . — Af Poll(?n from the .sterile-pollen clone 77 9 having; 5.6 percent 
i^tained pollen; /?, pollen from the sterile-pollen clone 77-7, having 2.S percent 
stainable pollen. X365, 


were the presence* of large* grains with thick rugose* walls of the sort 
describee! by Fukuela (6*) as having bee'.n elre*ive*d from unre*eiue*(*el 
polle*n-mother cells. Grains having two or more distinct sections or 
cells (fig. 2) were present at times. Three-, four-, and five-sectie)ned 
grains were less e*ommon. 

Oce*asionally in sterile-pollen plants a few grains aiiel one or more 
sections of a multisee*tioned grain were stainal)le, but these* could be 
distinguished from normal stainable grains by various irie^gularities in 
shape and size. Scantiness of pollen was associated with a redue*tion 
in size of both single and multisee*tioned grains. A few plants e’on 
tained neither stainable pollen grains nor abnormalities indicative of 
irregular meiosis. 

The complete pollen sterility of sterile-pollen plants is, accoreling 
to Amason (7) and Longley and Clark (70), the result of the failure 
of normal microspore formation during meiosis. This view is sup- 
ported by numerous meiotic irregularities observed in sterile-pollen 
plants (7, S, 5, 6, 7, 10), The more common meiotic irregularities 
observed were: (1) Failure of the chromosomes to pair; (2) lagging of 
the chromosomes on fhe spindle; and (3) failure to complete the normal 
reduction-division process. 
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According to Amason (Jf) and Longley *and Clark (10), the partial 
sterility of the fertile-pollen plants is conditioned, after what appears 
to be a normal meiosis, by microspore abortion, which frequently 
occurs after the spores have reached normal pollen-grain size. 

SAMPLING THE MATERIAL 

In 1938 and 1939 studies were made at both University Farm (St. 
Paul) and Castle Danger, Minn., on the north shore of Lake Superior, 
after which the studies were conducted only at Castle Danger. Since 
it is well known that the percentage of stainable pollen varies with 
changes in the environment (4, 9)^ the studies were made only in 
periods where flowering and fruit setting appeared to be proceeding 
normally. Under these conditions, very little variation in stainable 
pollen resulting from differences in season or location was obtained. 

The percentage of stainable pollen was relatively uniform on iden- 
tical material grown in both years and at two locations. This is shown 
by the percentage of stainable pollen observed in four selections for 
each of 2 years and two locations (table 1). The four selections were 
chosen because they were known to approximate the range in per- 
centage of stainable pollen found in the fertile-pollen plants in the 
breeding material. No significant difference in percentage of stain- 
able pollen due to either location or years, or both, is shown in table 1. 
The differences between the clones were fairly consistent for all four 
tests. 

Table 1. — Percentage of stainable pollen in 4 fertile-pollen parent clones at University 
Farm and Castle Danger in 19S8 and 1939 


* Parent clones 

Stainable pollen in clones at indicated locations 
and seasons 

Moan 1 

1938 

1939 

University 

Farm 

Castle 

Danger 

University 

Farm 

Castle 

Danger 

Percent 

74 3 
73 3 
34 7 
23.5 

1.^2 

6-1 

12-7,.- - 

Percent 

76.1 

67.2 

57.2 

29.2 

Percent 

83 0 
76.0 
50.9 
26.5 

Percent 

78 7 

76.3 

60.3 
20.6 

Percent 

78 5 
73 0 
50 8 
25 0 

13-1 . 

Mean i 

57 4 

59.6 

68.7 

51.6 



» Mean difference necessary for significance, 9.44 percent. 


The mean percentages of stainable pollen obtained in sexual prog- 
enies at University Farm and at Castle Danger are presented in table 
2. Four selfed and three crossed seedling progenies were used in this 
study. It will be noted that there was np significant difference due to 
location in the mean percentage of stainable pollen. These results 
suggest that limiting the studies to periods favorable to blooming 
tended to make the data obtained in different seasons and at different 
locations fairly comparable. Since a careful study of the data failed 
to indicate any influence of season or location on percentage of stain- 
able pollen, these factors have been omitted in the presentation of later 
data. 
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BREEDING BEHAVIOR OF PLANTS 

RECIPROCAL CROSSES 

In the present study five sets of reciprocal crosses were made be- 
tween parents which differed significantly in percentage of stainable 
pollen. The number of sterile-pollen and fertile-pollen plants and the 
means in percentage of stainable pollen in the fertile-pollen portion of 
the progenies of the reciprocal cross are given in table 3. In all five 
cases, the two progenies of reciprocal crosses differ significantly in the 
proportion of sterile-pollen to fertile-pollen plants and in the mean per- 
centage of stainable pollen in the fertile pollen-plants. The differences 
between the two progenies of reciprocal crosses is associated with a 
similar difference in the stainable pollen of the female parents. 


Table 2. — Mean percentages of stainable pollen in the fertile-pollen plants in dvpli- 
cate samples of selfed and crossed progenies at University Farm and Castle Danger 
in 1939 


Progenies 

Stainable jiollen in prog- 
enies ‘at-- 

Progenies 

Stainable pollen in prog- 
enies ‘ at ■ 

University 

Farm 

Castle 

Danger 

University 

Farm 

(^astle 

Danger 

LVl selfod 

6-1 selfed 

76-6 selfed 

16-2s(5lfed . 

13-1X5-1 

Percent 

4ft 6±9 7 
32 7±fi. 0 
43 ^±4 3 
ftft 'S±‘i 0 
20 9±6 0 

Percent 

39. 7*4. 1 
30 2*7.3 
60.4*11.7 
66 4*6 3 
31 3*10. 7 

76-6X16-2 

15-2X6-1 

Mean 

Percent 

67 4*4 ft 
68. 1*2 1 

Percent 

61 3*8 6 
m 2*4 8 

49 4 

47.9 



> In fortilc-pollcn plants. 


Table 3. — Sterile-pollen and fertile-pollen plants obtained in 6 reciprocal crosses 
between, parents differing in percentage of stainable pollen 


Parents 

Stainable 
|K)llen in 
female 
parent 

Sterile- 

pollen 

plants 

1 

Fertile- | 
I^Hillen 
plants 

Stainable 
pollen in 
progeny 

13-1 X 16^*2.. 

Percent 

24 9 

Number 
\ 28 

Number 

39 

Percent 

20.7 

16-2 X 13-1 - 

76.9 

6 

40 

33.6 

12-7 X 6-29_„ - 

56.3 

41 

10 

8.6 

6-29 X 12-7. - 

71 8 

5 

48 

48 6 

17-2 X 11-1 - 

32.8 

30 

79 

32 6 

ll-l X 17-2 

90 0 

1 

160 

73 9 

80-7 X 16-2- 

66.4 

7 

9 

23.6 

16-2X80-7 

76.9 

0 

12 

61.3 

106-65 X 6-2 

26.1 

62 

50 

22.6 

6-2 X 106-65 

74 7 

12 

106 

63.2 


In all five reciprocal crosses female parents with a relatively low 
percentage of stainable pollen gave relatively low proportions of fertile- 
pollen plants as compared with female parents that had a relatively 
high percentage of stainable pollen. It is evident from the results of 
the five reciprocal crosses that parents with a low percentage of stain- 
able pollen transmit more pollen sterility as female parents than as 
male parents. These results are in harmony with those of Salaman 
and Lesley {11), who found that the two progenies of a reciprocal 
cross were distinctly different in respect to pollen sterility and in fruit 
setting. 
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BREEDING BEHAVIOR OF PLANTS WHEN SELFED AND WHEN USED AS FEMALE 

PARENTS 

The behavior of reciprocal crosses suggested that the factors re- 
sponsible for sterile-pollen plants tended to be eliminated in the aborted 
pollen. Thus, with the reduced transmission of these factors through 
the pollen, the character of the progeny with respect to pollen sterility 
would be mostly determined by the breeding behavior of the female 
parent. If this were true, one might expect only slight differences in 
pollen sterility between the progenies of an individual when selfed and 
when used as a female parent in crosses irrespective of the male parent. 

In table 4 are given the number of sterile-pollen and fertile-pollen 
plants in both the crossed and selfed progenies of nine female parents. 
For five of these nine, the crossed and selfed progenies do not vary 
widely from each other. The (grossed progeny from 80--7 has a slightly 
higher proportion of sterile-pollen plants than its selfed progeny. 
The crossed progenies from 12-7, 21-2, and 13-1 have a much higher 
proportion of sterile-pollen plants than their selfed jirogenies. An 
association between the amount of stainable pollen in the parent and 
the proportion of fertile-pollen plants in the progeny is indi(*ated, 
except for the crossed progenies of parents 21-2 and 12-7. Thus, for 
two of the nine parents, the breeding behavior in crosses did not seem 
to be closely related to the behavior when selfed or to the stainable 
pollen in the parent. This fact suggests that in some crosses the male 
parent may have a significant influence on the pollen sterility of the 
progeny. 

Crosses showing the relative influence of male and female parents 

The possible influence of the male parent was studied by comparing 
crossed progenies having the same female parent but different male 
parents. The results obtained by crossing each of eight female parents 
with a number of different male parents are presented in table 5. In 
general, the progenies within the groups having the same female parent 
tend to be alike in the proportion of sterile-pollen to fertile-pollen 
plants. Nevertheless, there are some differences between the progenies 
of a group that are worth noting. In table 5, for example, the crossed 
progenies from male parents 12-7 and 80-7 had a higher proportion 
of fertile- to sterile-pollen plants than the progenies from the other male 
parents in the same group, and, with one exception, these other male 
parents had a higher percentage of stainable pollen. The diflTerence 
between the male and female breeding behavior of selections 12-7 
and 80-7 was also apparent when reciprocal crosses were made and 
highly (contrasting progenies were obtained (table 3). 

As indicated by the data in tables 3-5, the percentage of stainable 
pollen in a clone and its breeding behavior on selling and as a female 
parent in crosses was not related to its breeding behavior when used 
as a male parent. The diflPerence between the male and female 
breeding behavior of selections 12-7 and 80-7 might indicate that 
the factors for the relatively high proportion of sterile-pollen plants 
in their crossed progenies when use(l as female parents were not 
transmitted through the pollen of selections 11-25, 15-2, and 75. 
This explanation assumes that there was some transmission of the 
factors responsible for sterile-pollen plants through the pollen of some 
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Table 4. — Sterile-pollen and fertile-pollen plants obtained in the crossed and selfed 
progenies of 9 female parents with different percentages of stamable pollen 


Female parents 


Stainahlc 
pollen in 
parent 


Type of progeny 


Sterile- 

pollen 

plants 


Fertile- 
pollen 
plant s 


11 - K 
16-2. 
75-6. 
6-29. 

12- 7- 
21 - 2 . 
17-2- 
13 1. 


Percent 

90.0 

76.9 

72.9 
71.8 
66 4 
66 3 
49 1 
32 H 
24 9 


/Crossed 
\Selfed.. 
/Crossed 
tSelfed.. 
/Crossed 
1 Selfed . 
/Cros.sed 
\Relfed . 
fCro.ssed 
\ Selfed.. 
/Crossed 
\Selfed-. 
/Cros.sed 
\ Selfed.. 
/(''ro.ssi*d 
t Selfed. - 
fCrosml 
\Selfed.. 


Number 

Number 

0 

151 

0 

38 

♦) 

107 

1 

43 

0 

30 

5 

43 

6 

48 

0 

7 

13 

16 

6 

13 

41 

10 

t> 

11 

43 

8 

6 

10 

30 

79 

H 

19 

67 1 

81 

! 

12 


Table 5.— Sterile- pollen and fertile-pollen plants in crossed progenies having the 
same female parent but different male parents 


(Voss 

Staiimbh* 

Female 

parent 

pollen in 

Alah* 

parent 

Sterile- 

pollen 

plants 

Fertile- 

poll(>n 

plant.s 


Percent 

Perct nt 

Number 

Number 

16-2X6-1 ... ... - 

7<) 9 

tJ9 6 

1 

.65 

16 2 X 80-7 ... - -- .. 

76 9 

6<) 4 

0 

12 

16 2X13-1 - 

76 9 

24 9 

6 

40 

80-7 X16 2 - 

56 4 

76 9 

7 

9 

80-7 X 6-1 ... 

66 4 

69 5 

6 

6 

13-1 X 16-2 

24.9 

76 9 

28 

39 

13-1 X 6 1 . . 

24 9 

69 6 

29 

24 

13-1 X 80 7 

24 9 

.66 4 

0 

18 

77-9 X 76-6. .... .. 

6 6 

72 9 

18 

4 

77-9 X 11-26 

6 6 

72 4 

117 1 3 

77-9 X 6-29 . .. 

6 6 

71 8 

.68 

15 

77-9 X 12 7 ... 

6 6 

.66 3 

26 

" 

7(V-1 X 76-6 . . 

4 3 

72 9 

18 

4 

76-1 X 11-26 

4 3 

72 4 

.66 

1 

76 1 X 6-29 . 

4 3 

71 8 

26 

8 

76-1 X 12-7 

4 3 

56 3 i 

13 

6 

77-7X7.6-6 

2 8 

72 9 i 

34 

3 

77-7 X 11-26 . ... 

2 8 

72 4 

.62 

5 

77-7 X 5-29 i . .. 

2 8 

71 8 ; 

32 

3 

77-7X12-7 ... . 

2 8 

.66 3 

68 

31 

77-8 X 7,6-6 

0 

72 9 

31 

0 

77-8 X 11-25 . 

0 

72.4 

2;i 

1 

77-8 X 6-29 

0 

71 8 

36 

0 

77-8 X 12-7 

0 

.66 3 

.30 

3 

Russet Rural X 1 6-2 

0 

76. 9 

60 

13 

Russet Rural X 11-26 

0 

72 4 


14 

Russet Rural X 6-29 

0 

71 8 

109 

4 


selections. To the breeder, the significant aspect of the bretnling be- 
havior of the pollen parents shov^n in table 5 is that fertile-pollen 
plants such as 12-7, 13-1, and 8C-7 vhose percentage of stainable 
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pollen is low and whose progenies when selfed and when used as fe- 
male parents in crosses may give a relatively high proportion of 
sterile-pollen plants, may transmit less sterility through the pollen 
than male parents having a significantly higher percentage of stain- 
able pollen. 

The influence of the male parent on the crossed progeny is, however, 
relatively small as compared with that of the female parent. The 
influence of the female parents is shown in table 6, which gives the 
segregation obtained from different female parents crossed with the 
same male parent. The largest differences in segregation between 
comparable progenies of female parents was obtained in groups 1, 
4, and 5. These groups contained female parents with a wider range 
of percentage of stainable pollen than the other groups. An associa- 
tion between the percentage of stainable pollen in the female parent 
and the proportion of sterile- to fertile-pollen plants in their progenies 
is indicated in group 1 and to a lesser extent in groups 4 and 5. Some 
female parents (12~7 and 77-9, group 4) which differed widely in 
percentage of stainable pollen, when crossecl with the same male parent 
produced progenies with relatively small differences in proportion of 
sterile- to fertile-pollen plants. Other female plants (80 7 and 21-2, 
group 5) with no significant difference in stainable pollen produced 
progenies having wide differences. 


Table 6. — Sterile-pollen and fertile-pollen plants in crossed progenies having the 
same male parent but different female parents 




Stainable T>ollon in 



Group 

Cross 

parent 

’l 

Sterile- 

pollen 

plants 

Fertile- 

pollen 

plants 



Female 

Male 





Percent 

Percent 

Number 

Number 


(75-5 X 15-2 

72.9 

76 9 

0 



S0-7X15-2 - 

m 4 

76 9 

7 

9 

1 

13-1 X 15-2 

24 9 

76.9 

28 

.30 


Russet Rural X 15-2.- 

0 

76.9 

60 

13 


f77-« X 75-5 - - 

1 5.0 

72 9 

6 

0 


75-1 X76-5 

> 4.3 

72 9 

18 

4 

2 

77-7 X 75-5- — 

>2.8 

72 9 

34 

3 


77-8 X 76-5 - - - ---- 

»0 

72 9 

31 

0 


77-9 X 11-25 

> 5 6 

72 4 

117 

13 


76-1 X 11-25. - 

»4.3 

72 4 

66 

1 

3 

77-7 X 11-25 - 

»2.8 

72.4 

52 

5 


77-8 X 11-26 

>0 

72 4 

23 

1 


Russet Rural X 11-25-. - 

>0 

72 4 

93 

14 


(12-7 X 6-29 - - 

56 3 

71.8 

41 

10 


77-9 X 6-29 - - 

> 5.6 

71.8 

58 

15 


76-1 X 5-29 - 

>4.3 

71 8 

26 

8 

4 

77-7 X 6-29 

> 2.8 

71.8 

32 

3 


77-8 X 6-29 - 

>0 

71.8 

36 

0 


Russet Rural X 5-29 - - 

>0 

71.8 

109 

4 


(16-2 X 6-1 

. 76 9 

69 5 

1 

56 


80-7 X 6-1 - 

56.4 

69.6 

6 

6 

5 

^21-2 X 6-1 

66.9 

69.5 

43 

8 


13-1 X 6-1 — 

24.9 

69.5 

29 

24 


IJubel X 5-1 - 

20.9 

69.5 

11 

14 


(77-9X12-7 - 

> 6.6 

66.3 

26 

11 


76-1 X 12-7 

>4.3 

56.3 

13 

6 

0 

77-7 X 12-7 

>2.8 

56.3 

68 

31 


77-8 X 12-7 

>0 

56.3 

30 

3 


1 Sterile-pollen plants. 
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' BREEDING BEHAVIOR OF THE FERTILE-POLLEN PLANTS FROM A CROSS 

Twenty-three fertile-pollen plants from a cross were selfed and the 
progenies examined to determine the proportion of sterile- to fertile- 
pollen plants. The study was made on a cross of 17-2X11-'! which 
produced a much higher proportion of sterile- to fertile-pollen plants 
than its reciprocal (table 3). The results obtained on the selfed and 
crossed progenies of the parents and on the selfed progenies of 23 Fj 
fertile-pollen plants is presented in table 7. This study on the parents 


Table 7. — Sterile-pollen and fertile-pollen plants in the selfed, reciprocal crossed, 
and F 2 progenies of fertile-pollen parents 17-2 and 11-1 


Parents 

Sterile- 

pollen 

plants 

Fertile- 

pollen 

plants 

Parents 

Sterile- 

pollen 

plants 

Fertile- 

IKillen 

plants 


Number 

Number 


Nu mber 

Number 

17-2s(iifo«l 

8 

19 

17-2 X n-l-F2-ll . 

8 

19 

17-2 X 11-1 

.‘U» 

79 

17-2 X 11 I-F 2 -I 2 .. 


17 

11-1 selfed 

0 

36 

17-2 X 11-1 -F 2 -I 3 .... 

1 

5 

11-1 X 17-2 

1 

150 

17-2 X U-I-F 2 -I 4 

4 

6 

17-2 X 11-1-Fr-l - 

22 

1.5 

17-2 X 11'1-F2-15 

4 

7 

17-2 X n-l-F2-2 

16 

7 

17-2 X II-I-F 2 -I 6 ...j 

10 

8 

17 2 X ll-I-FHl . - - 

10 

C 

17-2 X II-I- F 2 - 17 .-.. . i 


13 

17-2 X 1I-1-Fj-4 

11 

7 

17-2 X II-I-F 2 -I 8 

> K 

2.5 

17-2 X II-I-F 2-5 

9 

4 

17-2 X II-I-F 2 - 19 . ... 1 

' 4 

14 

17-2 X ll-l-Fr-r» 

9 

6 

17 2 X Il-1-Fr20 

3 

10 

17-2 X II-I-F 2-7 

r> 

4 

17-2 X II-I-F 2 - 2 I--. . . 

3 

13 

17-2 X ll-l-FirS 1 

H 

8 

17-2 X II-I-F 2-22 

1 

14 

17-2 X II-I-F 2-9 

9 

4 

17-2 X II-I-F 2-23 


6 

17-2 X 11-1- F 2 -IO .. , 

8 

b 


1 ^ 



was made in a later vear on a portion of the same material that sup- 
plied the data in table 3. The observations do not differ significantly 
for the two seasons. The 23 Fi plants studied were fertile-pollen 
plants taken from the reciprocal cross which had the higher proportion 
of sterile-pollen plants. All 23 Fj plants produced progenies that 
showed segregation except 1 in which the G individuals were fertile- 
pollen plants. The range of segregation obtained indicated the pres- 
ence of genetic differences between these fertile-pollen Fi plants. 

DISCUSSION 

Both pollen fertility and pollen sterility have an important function 
in the improvement of the potato. Fertile-pollen plants are essential 
for the improvement of the potato through the generally accepted 
sexual method of breeding, while the sterile-pollen plants, being non- 
fruitful, will produce, other things being equal, a larger yield of tubers. 

Krantz (S) suggests developing sterile-pollen and fertile-pollen 
plants with superior breeding value and then crossing sterile-pollen 
with fertile-pollen plants to secure nonfruitlul improvc'd varieties. 
The present study indicates how a breeder may proceed in order to 
produce improved sterile- and fertile-pollen plants. The breeder can, 
hy choosing female parents according to their percentage of stainable 
pollen, obtain progenies that vary widely or progenies that approach 
equality in proportion of sterile-pollen to fertile-pollen plants. Female 
parents with 70 percent or more of stainable pollen produced progenies 
with a relatively high proportion of fertile-pollen plants, while female 
parents with little or no stainable pollen produced progeni('S with a 
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relatively low proportion of fertile-pollen plants. The female parents 
having between 10 and 70 percent of stainable pollen produced pro- 
genies with sterile-pollen and fertile-pollen plants in proportions that 
would be suitable for the selection of superior plants of both types. 
In the 70-percent group, a higher accuracy of estimate of breeding 
behavior as female parents may be obtained by supplementing th 
information on stainable pollen with that on breeding behavior, when 
selfed. Attention should be called to the apparent absence of asso- 
ciation between both the percentage of stainable pollen in a plant and 
its breeding behavior as a female parent with its breeding behavior as 
a male parent. Significant and consistent differences between plants 
when used as male parents were observed. Thus the known breeding 
behavior of a plant when used as a male parent may prove to be a 
further aid to the breeder in producing the type of progenies in 
respect to pollen sterility that he desires. 

SUMMARY 

The problem presented in potato breeding by the anomalous Hala- 
tion of pollen sterility to efficient breeding procedure and to tuber 
yield was studied. 

The breeding material was classified as sterile-pollen and fertile- 
pollen plants, and the latter were further classified ae(‘ording to their 
percentage of pollen grains stainable with acetocarmine. 

Wide differences were found in the proportion of sterile*- to fe^rtile*- 
pollen plants in five sets of reciprocal crosses. Each reciprocal s(*t 
was made between two paremts having significantly different percent- 
ages of stainable pollen. In each set the combination low X high per- 
cent stainable pollen gave a low proportion and the high X low a high 
proportion of fertile-pollen plants. 

In 5 of nine plants tested the selfed progeny was similar in the })ro- 
poVtion of sterile- to fertile-pollen plants to the crossed progeny 
when the plant was used as a female parent. The significant diften 
ences found between the two types of progenii's for 2 of the plants 
indicated that in some combinations the polh'n parent influenced the 
proportion of sterile- to fertile-pollen plants in the progeny. 

A study of eight groups of crosses with the progenies within ('aeh 
group having the same female parent showed that progenies with tlu^ 
same female parent but with different male parents may be signifi- 
cantly different in the proportion of sterile- to fertile-pollen plants. 
This difference was neither related to the percentage of stainable 
pollen in the male parents nor to their bn^eding behavior when selfed. 

A similar study of seven groups of crosses with the progenies within 
each group having a common male parent showed that progenies having 
a common male parent but different female parents may differ widely 
in the proportion of sterile-pollen to fertile-pollen plants. This differ- 
ence was associated with the percentage of stainable pollen in the 
female parent and its breeding behavior when selfed. 

Twenty-tkree fertile-pollen Fi plants from a cross of low X high 
percent stainable pollen produced selfed progenies of which all except 
one segregated for sterile-pollen and fertile-pollen plants. This one 
produced six plants all of which were fertile-pollen plants. 
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STUDIES ON BIOLOGICAL RACES OF THE HESSIAN FLY^ 

By W. B. Cartwright, senior entomologist, and W. B. Noble, entomologist, 
Division of Cereal and Forage Insect Investigations, Bureau of Entomology and 
Plant Quarantine, Agricultural Research Administration, United States Department 
of Agriculture 

INTRODUCTION 

With the increasing interest and progress in breeding wheats 
resistant to the hessian fly (Phytophaga dei<tructor (Say)), the authors 
feel that the information they have obtained since 1935 on biological 
races of the fly, i. e., races differing greatly in their ability to infest 
different varieties of wheat through apparently identical taxonoini- 
cally, may be of timely value. This information supports the earlier 
conclusions of Painter (6‘).^ 


ISOLATED GEOGRAPHICAL POPULATIONS OF THE FLY 

The hypothesis of biological races of the hessian fly has been offered 
to explain the contradictory results in fly-resistance tests on wheat 
varieties in regions of the United States that are separated by physical 
barriers or distinguished by climatic differences. A strifang vari- 
ability^ of reaction occurs, for instance, in the variety Dawson, which 
is resistant in California (5) and Kansas (^), but susceptible in Illinois 
and Indiana.^ 

When the testing program on wheat varieties was expanded in 1936 
in California, a nursery of 275 American wheat varieties and strains 
was seeded and exposed to a severe attack of the hessian fly in the field 
at Birds Landing, (hilif. Thirty varieties, including China, Clarkan, 
Dawson, Dixon, Emerald, Goons, Huston, Java, Marquillo, Marvel, 
Nabob, Red Rock, Shepherd, Mediterranean, and others, showed high 
resistance to the fly. 

These resistant varieties were retested at La Fay^ette, Ind., in 1936 
in the field, and the complete series of classifieid wheats (S), except for a 
few omissions, was tested in the greenhouse during the period from 
1938 to 1940, inclusive. W ith the exception of Dixon, Java, Marquillo, 
and Marv(J, the common varieties of wheats were all susceptible to the 
general population of Indiana hessian flies. Although these results 
were explainable on the basis of a difl’erence in ability of the California 
and Indiana populations of the fly to infest the wheats, the possibility 
that they were due to variation in the wheats themselves in response to 
environmental differences between the two regions was not eliminated. 
A small number of resistant and susceptible wheat varieties was there- 
fore tested under uniform environmental conditions in the greenhouse 


* Heceivefl for publication November 15, 1944. A contribution from the Bu- 
reau of Entomology and Plant Quarantine in cooperation with the Purdue Uni- 
versity Agricultural Experiment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 153. 

* Unpublished data on several U^s ts during the period 1920-44. 
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during 1936, 1939, and 1940 at La Favetto, Tnd., flies emerging from 
flaxseeds collected at Birds Landing, tJalif., and at La Fayette being 
used. 

The wheats were infested in the young S(jedling stage under cages 
according to a method in use at the La Fayette laboratory (f ). That 
there were differences in the reactions of the respective varieties to the 
flies from the two regions is apparent from the data presented in table 
1. The records there shown are in agreement with those of the earlier 
field tests, and this fact strengthens or confirms the hypothesis that 
there are distinct regional races of the hessian fly in California and 
Indiana. 


Table 1. — Extent of infestation by hessian flies from California and Indiana in 
wheat varieties grown in the greenhouse at La Fayette, Ind., 1936 and 1939-40 


Variety of wheat 

California flies 

Indiana flies 

1936 

1939 

1940A 

1940B 

Aver- 

age 

1936 

1939 

1940A 

J94Cn 

A ver- 
age 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Per‘'erit 

Dawson 

0 

11 

5 

10 

6.6 

89 

89 

90 

100 

92 0 

m.No. 1 W38-6.... 

16 

11 

14 

10 

12.7 

5 

63 

15 

25 

27. 0 

Marquillo 


39 

36 

33 

35 7 


31 

35 

40 

35 3 

Wabash 

14 

31 

43 

32 

30 0 

87 

84 

95 

95 

90 2 

Big Club 

80 

100 

100 

95 

93.7 

100 

95 

95 

100 

97. 5 


HOST-RESTRICTED RACES 

Tests reported by Painter (6) and Painter, Salmon, and Parker (7) 
showed that there were differences in the capacity of individual flies 
within a single population to infest difl’erent varieties of wheat in the 
greenhouse. Such findings are highly important and more significant 
than the occurrence of geographical races of the In^ssian fly. If a 
given population in a locality is composed of interbreeding individuals 
differing with respect to their ability to infest different wdieat vari- 
eties, the planting of a variety resistant to most but not all individuals 
in the fly population may result in the natural selcH'tion of a local race 
or population of flies that will be capable of heavily infesting the erst- 
whJe resistant wheat. In view of the importance of obtaining more 
information on this possibility, efforts to determine whether such a 
race can be isolated experimentally were made at La Fa^n^tte. 

The genetic features of the proWem resemble those eiicounterecJ in 
the study of cereal smut and rust fungi, and a similar technique of 
investigation is adaptable to their study. Adult hessian flies reared 
from the few puparia found in resistant wheat were used as the 
parents of possible host-restricted races. The flies bred and used 
experimentally during the period 1936-42' did not increase or survive 
beyond the second generation on resistant wheats. In 1943, however, 
a selected population which showed a greater ability than that of the 
general popidation to mature on Java, Dixon, Marvel, and 111. No. 
1 W38 was obtained in the course of routine tests in the greenhouse 
from a series of resistant American and foreign wheats including both 
common and durum varieties. This population was bred and tested 
in March 1943 and during the period from October 1943 to March 
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1944. In the tests reported herein this selected population of the 
fly was compared with the general fly population which had been used 
continuously for (experiments in the greenhouse for 2 years and, 
b(H?ause of continuous inbreeding and use on rc^sistant wheats, may 
have differed from a strictly wild population. It is certain that the 
general population had within its composition some individuals 
genetically similar to the ones comprising the sele(*,ted population, 
inasmuch as it was the sourc(‘ of the selected population, but logically 
such individuals would be prc'sent in smaller numbc'rs. In all these 
leasts eggs w('re permitted to be laid on th(» plants in such numbers as 
t() (eliminate the possibility that lack of oviposition on the part of the 
flies ropr('senting either the selected or the general population would 
account for differences in final infestation. 

The first generation of the selected population of the hessian fly 
was t('st(‘d on 5 rc'siatant wheats in the greenhouse in March 1943. 
Four 1-row plantings of young wheat seedlings of each variety, each 
containing about 20 plants, were exposed to 400 flics of the seh'cted 
population, and at the same time 4 similar plantings were exposed to 
400 fli('s of the gcuu^ral population. As shown in table 2, the percent- 

Table 2. — Extent of infestation by hessian flies from, selected and general populations 
in wheat varieties grown in the greenhouse at La Fayette^ Ind.y March 19%S 



Flics from selected population 

Flies from general population 

Van(*ty 

Plants 

exam- 

ined 

Plants 

in- 

fested 

Plants 
stunted > 

Pupa- 

ria 

Plants 

exam- 

ined 

Plants 

in- 

fested 

Plants 
stuntcjd ‘ 

Pupa- 

ria 





Num- 

Nnm- 



Num- 


her 

Percent 

Percent 

her 

her 

Percent 

Percent 

her 

111 No 1 

89 

44 

24 

89 

78 

5 

1 

7 

IV’y 

83 

34 

20 

Wi 

83 

20 

4 

50 

I’. I. 111245-10 

80 

23 

14 

30 

73 

8 

7 

16 

P. I. 50200-S-7 

110 

7 

7 


109 

4 

3 

5 

J’ 1. 94587 

MichiKan Amber (suswptiblo 

98 

0 

0 

0 

70 

0 

0 

0 

check)- . 

80 

100 

100 

651 

80 

100 

100 

671 


* Stuntpcl by infestation. 






age of plants stunted by infestation (plants reacting as susceptible), 
the perccuitage of plants infested including those stunted, and the 
total puparia were significantly greater for the selected population 
with the exception of those on the highly n'sistant durum wheat P. I. 


94587. 


The second generation was reared as stock material in October 
and November 1943, on the fly-resistant wheats 111. No. 1 W38, 
B36162A13*-12, and A3848A5~5. The number of individual flies 
emerging after the storage of material during the summer was too 
small for tests in this generation. The wdieat lines B36162 and A3848 
mentioned above are soft, winter-type segregates derived from the 
backcrossing of 111. No. 1 W38 with soft red winter wheats in tlie 
(‘ooperative project for breeding wheats resistant to the hessian fly 
at the Purdue University Agricultural Experiment Station. 

The third, fourth, fifth, and sixth generations of the selected popu- 
lation of die hessian fly came from rearings through the fly-resistant 
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wheats B36162A13~12 and A3848A5-5 in the greenhouse during 
the period December 1943 to March 1944, inclusive. With each 
successive generation through the resistant wheats, tlie infestations 
of B36162A13~12 and A3848A5-5 and of the susceptible check 
Wabash by the selected and general populations were recorded. In 
each test 50 female flies selected at random from the respective popu- 
lations were used to infest the individual plantings, which consisted 



Figure 1. — Wheat strains exposed to selected and general populations of the 
hessian fly: Rows a to c exposed to selected population of the fly, and rows 
d to / to the general population. Rows a and /, Wabash (susceptible) ; rows 
h and e, B36162A13-12 (resistant); and c and d, A3848A5“5 (resistant). 

of approximately 45 plants of each of the three wheats. A summary 
of all tests is given in table 3. 


Table 3. — Extent of infestation hy selected and general populations of hessian 
flies in BS6162A13~12, A3848A5~5, and Wabash wheats grown in the greenhouse 
at La Fayette^ Ind.j December 1943 to March 1944 


Variety 

Total tests 

Flies from selected popu- 
lation 

P'lies from jroneral popu- 
lation 

Infested 

plants 

Stunted 
plants 1 

Infected 

plants 

Stunted 
plants > 

B36162A13-12 

Number 

33 

32 

33 

Percent 

73.6 

67.6 
100 

Percent 
62.6 
.*>8 8 
100 

Percent 

43 3 
36. 6 
100 

Percent 

33.5 
27 5 
100 

A3848A5~6 

Wabash 



1 Stunted by infestation. 


Table 3 shows that the percentage of susceptible or stunted plants 
in the resistant varieties infested with the selected population of the 
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fly was approximately double that of plants infested with flies 
from the general population. There were highly significant visual 
differences in the reactions of the two populations (fig. 1) which 
were apparent in most tests. 

Infestations of 80 percent or more of the plants by the selected popu- 
lation were not uncommon in the tests, but infestations varied greatly 
among the individual tests. This variation indicates that the 
selected population was not homozygous after six generations of 
screening through the resistantwheats. Theresults appear to demon- 
strate quite conclusively, however, that a strain or race of the hessian 
fly capable of maturing successfully in and seriously injuring wheats 
that are highly resistant to the general fly population can be segregated 
from that population. 


Table 4. — Extent of infestation by hessian flies from the fourth-generation selected 
population in wheat varieties grown in the greenhouse at La Fayette, Ind., 
March 19U 


Variety » 

Plants 

(‘xamin(‘d 

Plants 

infested 

Plants 
stunted - 

(Simmon wheat • 

Numher 

Percent 

Percent 

Wabash, chock 

249 

100 

UK) 

B36l62A13'12,chcck 

202 

98 

96 

Alberta Early, (M. 1002.5 -2 

28 

! 100 

100 

Contonario, ks .38 F N 4(K)2 

27 

96 

96 

Dixon, V. 1. 6049 , 

30 

93 

93 

Greek 10, P. I. 11G227 

30 

100 

100 

IVcl, Ks. 36R N 3,'>79 

25 

96 

96 

TVy, Ks. 36R N.35vS0 

24 

88 

88 

.lava, r. 1. 10051 

35 

97 

97 

Marqulllo, C 1 0887 

27 

37 

37 

Marvel, C 1.8876 

26 

UK) 

100 

Portugez, 1’, 1 56204 7 

30 

13 

13 

Ribeiro, P. I. .56200-8 _ 

27 

0 

0 

Triunfo, P.I 1041.38 

22 

100 

100 

Unnamed, P. 1. 94549-0 

29 

14 

14 

Unnamed, P. I. 94,571-14 

32 

9 

0 

Unnamed, P. 1. 11124.5- 10 

32 

100 

100 

Durum wheat* 




Tremez njo, P 1. .56257-1 

25 

0 

0 

Unnamed, P. 1. 94587... 

42 

0 

0 

Emmer* 




Yaro.slav, C. 1. 1562 

02 

0 

0 


• C. 1. after varietal name refers to accession number of the Division of Cereal Crops and Disi'ases and 
f*. I. to accession number of the Division of Plant Exploration and Introduction, Bureau of Plant Indus- 
try, Soils, and AKricultural Engineering, U. S. Department of Agriculture, and Ks. to the accession number 
of the Kansas Agricultural Experiment Station, 

9 Stunted by infestation. 


Seventy-eight wheat varieties and strains resistant to the general 
population of the hessian fly (2) were tested with the selected popula- 
tion of the fourth generation in March 1944. Many adult flies emerg- 
ing from the stocks of the selected population were permitted to 
oviposit heavily on the wheat seedlings, thereby increasing the 
chances of infestation by individuals having the ability to mature in 
them. The percentage of stunted or susceptible plants resulting in 
most of the common varieties approached that of the susceptible 
check, but the common wheat variety Ribeiro, the highly resistant 
durums, and the emm6r variety Yaroslav were uninfested. A partial 
list of the varieties and their reaction to the selected population is 
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given in table 4 to show the variation in infestation among those 
mcluded in this test. In this series a check of the plants of 
B36162A13~12 showed 41 percent stunted by the general population 
of the fly in contrast to the 96 percent for the sdected population, 
which indicated that the expression of susceptibility in the resist- 
ant wheats was not due to adverse environmental conditions in 
the greenhouse at the time of the tests. The probability of further 
segregation of specialized strains of flies through host restriction of 
populations is indicated by the differences in infestations occurring in 
such common varieties as Marquillo C. I. 6887, Ribeiro P. I. 56206-8, 
and unnamed P. I. 94549-6. 

The results of the several tests reported in this paper indicate that 
a fully effective breeding program for the development of fly-resistant 
commercial hybrids or varieties of wheat must provide for the possible 
appearance of biological races of the hessian % within regions as 
well as for their present known occurrence in different regions. This 
involves not only the study of genetically different factors for hessian 
fly resistance in wheat varieties, but also a study of the genetic diversity 
of fly populations. 

SUMMARY 

The tests at La Favette, Ind., since 1935 have substantiated the 
existence of different biological races of the hessian fly in California 
and Indiana indicated in previous studies by the writers and others. 
The characteristics of the two populations as noted in field trials in 
the two regions were maintained when tested on resistant and sus- 
ceptible wheats in the greenhouse at La Fayette, Ind. Varieties such 
as Dawson and W abash, which were resistant to the California popu- 
lations of the fly, were susceptible to the Indiana population. 

* In the studies on host-restricted races of the hessian fly, a population 
was bred from the general population at La Fayette which was capable 
of heavily infesting many resistant common wheats, such as Dixon, 
Java, and Marvel. This selected population was bred and tested for 
six generations on resistant wheats, including the winter lines derived 
from crosses with 111. No. 1 TV38. The percentage of plants stunted or 
susceptible in the resistant varieties was doubled after breeding the 
selected population through the third to sixth generations, but it did 
not attain the 100 percent injury of susceptible wheats. 

The selected population of the hessian fly was cultured for more 
extensive tests on resistant wheats, and the differences in infestations 
obtained in varieties such as Marquillo, Ribeiro, and other varieties 
indicated the probability of further segregation of the selected popu- 
lation. Several durum wheats which appeared to be immune to the 
general population of the hessian fly were uninfested by the selected 
population. 

results indicate that a fully effective program for breeding resist- 
ance to the hessian fly must provide for the possible appearance of 
biological races of the fly within regions as well as for their known 
presence in different regions, through a study of the genetic diversity 
of fly populations as well as a study of the genetically different factors 
for hessian fly resistance in different varieties of wheat. 



Aul?. 15, 1947 Studies on Biological Races of the Hessian Fly 


153 


LITERATURE CITED 

(1) Cartwright, W. B., and LaHue, D. W. 

1944. TESTING WHEATS IN THE GREENHOUSE FOR HESSIAN PLY RESISTANCE. 

Jour. Econ. Ent. 37: 385-387, illus. 

(2) and Shands, R. G. 

1944. WHEAT VARIETIES RESISTANT TO THE HESSIAN FLY AND THEIR RE- 
ACTIONS TO STEM AND LEAF RUSTS. U. S. Dcpt. Agr. Toch. Bul. 
877, 6 pp. 

(3) Clark, J. A., and Bayles, B. B. 

1942. CLASSIFICATION OF WHEAT VARIETIES GROWN IN THE UNITED STATES 

IN 1939. U. S. Dept. Agr. Tech. Bul. 795, 146 pp., illus. 

(4) McColloch, J. W. 

1923. THE HESSIAN FLY IN KANSAS. Kaiis. Agr. Expt. Sta. Tech. Bul. 
11, 96 pp., illus. 

(5) Packard, C. M. 

1928. THE HESSIAN FLY IN CALIFORNIA. U. S. Dept. Agr. Tech. Bul. 81, 
26 pp., illus. 

(6) Painter, R. 11. 

1930. THE biological strains of hessian fly. Jour. Econ. Ent. 23: 

322-326. 

( 7 ) Salmon, S. C., and Parker, J. H. 

1931. resistance of varieties of winter wheat to hessian fly, 

phytophaga destructor (say). Kans. Agr. Expt. Sta. Tech. 
Bul. 27, 58 pp., illus. 




VALUE OF SOYBEAN MEAL PREPARED FROM FROSTED- 
FIELD-DAMAGED SOYBEANS FOR GROWING-FATTEN- 
ING SWINE ^ 

By B. W. Fairbanks, formerly chief in swine husbandry; J. L. Krider, associate 
chief in swine husbandry; Damon Catron, formerly associate in animal 
husbandry; and W. M C'arroll, chief in swine husbandry and head, Department 
of Animal Husbandry, Illinois Agricultural Experiment Station 2 

INTRODUCTION 

During the fall of 1942 large areas of soybeans in the central part of 
the Corn Belt were frosted before maturity, and the quality of the 
beans was fuither reduced by unfavorable weather which postponed 
harvest until late winter or early spring. Such beans are referred to in 
this paper as frosted-field-damaged soybeans. 

Soybean m(‘al was prepared by the expeller process from a sample of 
these frosted -field -damaged soybeans for comparison with expeller 
soybean meal prepared from sound mature beans of the 1942 crop. 
The damaged soybeans, which were harvested in 1943, are thus 
described by T. H. Allwein: ^ 

These beans were just straight country run beans, which were harvested from 
the fields during March. These beans were of mixed varieties, which originated in 
this locality [Clibson City, 111.]. All of these beans were sample grade beans and 
averaged about 40 percent damage and 48 pounds test weight. There also was 
considerable dockage, on an average of about 3 percent. This meal was produced 
by our regular expeller process. . . . 

METHODS 

In order to obtain quantitative results the paired-feeding method 
for equal gains was used. One pig of each pair was fed the check 
ration which contained normal soybean meal, while its pair mate was 
fed the mixture which contained soybean meal prepared from the 
frosted-field-damaged soybeans. 

Sixteen Poland China pigs which had been on rye and alfalfa pas- 
tures during the spring and early summer were paired on the basis of 
weight, litter, sex, type, condition, and probable outcome. All pigs 
were thrifty. 

The basal mixture used consisted of ground yellow corn, soybean 
meal, alfalfa meal, and a mineral mixture. The proportion of corn 


* Received for publication June 25, 1945. 

2 The writers gratefully acknowledge the assistance of R. H. McDade, chief 
swine herdsman. 

® Personal correspondence. The damaged soybean meal was prepared and 
donated to the University of Illinois by the Oentral Soya Co., Inc., Gibson 
City, 111. 
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and soybean meal in the mixture was varied in order to change the 
percentage of protein in the ration as the pigs increased in weight. 
The percentages fed are given in table 1. The alfalfa meal was fed 
at the 10-percent level during the test period. The generous feeding 
of alfalfa meal was to insure against a possible vitamin deficiency in 
the all-vegetable ration, as discussed by Krider, Fairbanks, and 
Carroll.* 


Table 1. — Variations in the proportion of the ingredients of the rations fed to growing 
swine at different live weights 


Feeds 


Ground yellow corn 

Normal soybean meal-.. 
Damaged soybean meal. 

Alfalfa meal 

Ground limestone 

Steamed bonemeal 

Iodized salt 

Total 


Crude protein (percent) . . 


ProjMjrtlon In which feeds were mixed for pigs weighing— 

76 pounds or less 

76 to 150 pounds 

Over 150 pounds 

Check 

Test 

Cheek 

Test 

Check 

Test 

ration 

ration 

ration 

ration 

ration 

ration 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

53.0 

53.5 

66.0 

66. 6 

71.0 

71 0 

34.5 


22.6 


16 5 



34.0 


22 0 


10. 5 

10 0 

10 0 

10.0 

10 0 

10.0 

10 (1 

.6 

6 

5 

.5 

.6 

5 

1.5 

1.5 

1.5 

1 5 

1 5 

1 5 

.5 

.5 

.5 

.5 

.5 

.5 

100.0 

100 0 

100 0 

100 0 

100 0 

KM) 0 

21 0 

17 0 

15 0 


The yellow corn, which g^-aded No. 2, was estimated to contain 
9..0 percent crude protein. Analysis of the alfalfa meal showed 14.6 
percent crude protein. The chemical composition of the soyh(»an 
meals is given in table 2. 

In preparing the feed mixtures, the slightly higher protein content 
of the damaged soybean meal was taken into consid(»ration by 
equalizing the total percentage of crude protein in the mixtures for 
the pigs in each, weight-group interval. The percentages of (‘rude 
protein fed are given m table 1. 

The pigs were fed twice daily in individual feeding crates. The 
feed allowances were weighed to one-tenth of a pound and fed in a 
metal trough with which each crate was equipped. A small amount 
of water was poured on the feed to prevent waste. The pigs were 
cjlosely observed in an attempt to keep feed consumption up to the 
limit of the gains of the slower gaining pig of each pair. Feed 
refusals were noted. Individual we^hts of all pigs were taken at 
weekly intervals and the feed allowances for the following week were 
adjusted in accordance with the gains made during the previous we(‘k. 
This method was considered satisfactory, as reported previously 
by Krider, Fairbanks, and Carroll.^ 


< Krider, J. L., Fairbanks, B. W., and Carroll, W. K. value of soybean 

MEAL prepared FROM DAMAGED (bIN-BURNED) SOYBEANS AS A FEED FOR GROWING 

SWINE. Jour. Agr. Res. 69: 383-387. 1944. 



Aui?. 15, liH7 


Soijhemi Meal for Growing-F attening Swine 


157 


Table 2. —Chemical composition of the soybean meals on the fresh basis 


Foods 

Dry .sub- 
stance 

Crude 

protein 

Ether 

extract 

Ash 

Crude 

fiber 

Nitrogen- 
free ex- 
tract 

Normal soy boan meal- - 

Damaged soybean meal 

Percent 
88 7fi 
88 41 

Percent 
42 75 
43. 25 

Percent 

4.65 

4 79 

Percent 

5. 14 
5.39 

Percent 

4 58 
4. 45 

Percent 

31.64 

30.63 


The eight pairs of pigs were kept on concrete floors, in one group, 
and had access to an outside concrete runway. 

The experiment began on July 13, 1943, and continued until 
both pigs of each pair had attained a final weight of approximately 
200 pounds. 

RESULTS AND DISCUSSION 

The results of the experiment are summarized in table 3. The 
table shows that in five of the eight pairs the check pig required more 
feed per pound of gain, while in three pairs the test pig required more. 
These results on economy of gain are too nearly a chance distribution 
to indicate any significant differences in the feeding value of the two 
mixtures. This (jonclusion was verified by statistical treatment of the 
data by Students’ method with argument t for paired differences as 
ilescribed by Snedecor.’^ 

Th(» record of fe(Ml refusals indicated that the rations were equally 
palatable, and tin* t^'st showed that the differen(*.e in feed refusals 
was largely a chance deviation. 

To obtain ideal results in paired feeding for equal gains, the pigs 
of each pair should make the same weekly gain in live weight. How- 
ever, this rarely happens. With the 8 pairs of pigs used in these 
experiments, there was a total of 177 weekly comparisons between 
the gains of pair mates. Of the 177 comparisons, only 17 showed 
identical gains, while in 82 the check pigs gained slightly more and 
in 78 the test pigs gained more. The deviation of 2 from the expected, 
assuming a chance distribution, is not significant, which indicates 
that the method of feeding for equal gains used in the present work 
was quite successful. 

The average daily gains are probably smaller than the feed mixtures 
are capable of supporting under conditions of unrestricted feeding, 
but this is to be expected when either gain or feed intake is controlled 
in paired feeding. 

It may be observed in table 3 that the average daily feed was 
greater for the check pig in 5 pairs and greater for the test pig in 
3 pairs. From an analysis of the 177 weekly comparisons of the 
feed intake of pair mates, it was found that slightly more of the check 
ration was required to produce the same gains as the ration which 
contained damaged soybean meal. In 19 of these comparisons, pair 
mates consumed the same amount of concentrates, in 98 the check 
pigs consumed more, and in 60 the test pigs consumed more. The 
test indicates that the deviation of 19 from the ideal of a chance 

* SnbDBCOR, G. W. BIATISTICAL METHODS APPLIED TO EXPERIMENTS IN 
AGRICULTURE AND BIOLOGY. Ed. 3, 422 pp., illus. 1940. Ames, Iowa, 



Table 3. — Weights, gains, and feed consumption of 8 pairs of pigs, one of each pair being on the check ration and the other on the damaged 

soyhedn-meal {test) ration 
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Average 

Test 

pig 

202 9 
58.9 
144.0 
155 
.94 
503.4 
3.26 
3 50 

l-a 

204.1 
59.5 

144.6 

155 

.94 

517.1 
3.35 
3.58 

CO 

Test 

pig 

^ ’ ^eo eo 

M 

Ssf 

205 

60 

145 

161 

.90 

500.5 

3 11 

3 45 


l-l 

201 

65 

136 

147 

.92 

502.1 

3.42 

3.69 

eo 

04 

1-* 

207 

74 

133 

147 

.90 

537.4 

3.66 

4 04 

.u 

Test 

pig 

200 
72 
128 
154 
.83 
487.2 
3. 16 

3 81 

03 

tu 

202 

70 

132 

154 

.86 

466.6 

3.03 

3.53 

*c 

.it 

l-i 

198 
47 
151 
154 
.98 
485 3 
3. 15 
3.21 

PLi 

|.SP 

198 

45 

153 

154 
.99 

504 5 

3 28 
3.30 


Test 

pig 

202 
48 
154 
182 
85 
537 7 
2.95 

3 49 

08 

Ah 

Check 

pig 

197 
49 
148 
182 
81 
579.8 
3. 19 

3 92 

CO 

.*3 

Test 

pig 

212 
62 
150 
147 
1.02 
525 3 
3.57 
3.50 

08 

Ah 

Check 

pig 

■H»<cicst-«.eoos»os' 

t-H 8 CO eo 


Test 

pig 

208 
58 
150 
147 
1.02 
490 6 

3 34 

3 27 

'3 

Ah 

Check 

pig 

205 

50 

155 

147 

1 05 
530 9 
3.61 

3 43 

.fc) 

Test 

pig 

200 

60 

140 

147 

.95 

493.4 

3.36 

3 52 

04 

h 

Zj ^ 

^ ^ ‘gJMCO 

Item 

i 

Final weight— pounds.. 

Initial weight... do ... 

Total gain ..do.... 

Poiodontest days . 

Average daDy gain pounds . . 

Total feed eaten. .do 

Average ration do ... 

Feed consumed per pound of gain. . do.. 
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distribution was not due to chance alone, and that some other factor 
or factors were probably operating. The ^ value of 9.14 is significant. 
The authors believe that the values for feed per 100 pounds of gain 
are more important criteria than the comparison of weekly feed 
intake and hence that little or no significance should be attached 
to the comparisons of the weekly feed intakes. 

Within the limits of error of the method, the data indicate that 
the two meals have practically the same energy value. Since the 
levels at which protein was fed were not border line but were considered 
optimum, it cannot be concluded that protein in the meal from the 
frosted-field-damaged soybean is as good for promoting growth as 
that in the meal from the normal soybean. At the protein levels 
fed, however, the two meals were equally efficient in supplementing 
corn, alfalfa meal, and minerals for growing-fattening pigs fed in 
dry lot under the conditions of this experiment. 

The inclusion of 10 percent of alfalfa meal in the rations may 
possibly have obscured differences in the heat-labile constituents, 
such as some of the vitamins, contained in the two soybean meals. 
The purpose of adding the alfalfa meal was to prevent the vitamin 
deficiencies which occur when a ration containing corn, soybean 
meal, and minerals is fed to pigs in dry lot. 

SUMMARY AND CONCLUSIONS 

In the central Corn Belt large areas of soybeans of the 1942 crop 
were frosted before maturity and were further damaged by unfavorable 
weather which prevented harvest until the spring of 1943. Some of 
these frosted-field-damaged soybeans W(Te described as Sample Grade 
mixed soybeans, 40 percent damaged, with a test weight of 48 pounds 
per bushel. Soybean meal prepared by the cxpeller process from 
these damaged soybeans was compared with soybean meal, prepared 
by the same method, from sound soybeans in feeding experiments 
with growing-fattening pigs. 

The method of paired feeding for equal gains was used in this test, 
which involved eight pairs of pigs fed in dry lot. The soybean meals 
supplemented feed mixtures composed of ground yellow com, alfalfa 
meal, steamed bonemeal, ground limestone, and iodized salt. In three 
pairs of pigs, the checkmates made more economical gains than the 
pigs fed the soybean meal from frosted-field-damaged beans, while 
in five pairs the economy of gains favored the latter pigs. These 
results were studied statistically and the differences were found to be 
statistically insignificant. 

It is concluded (1 ) that the energy value of the two meals is the 
same for growing-fattening pigs, and (2) also at the protein levels fed, 
the two meals were equally efficient in supplementing corn, alfalfa 
meal, and minerals 
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GROWTH RATES OF HOST AND PATHOGEN AS FACTORS 
DETERMINING THE SEVERITY OF PREEMERGENCE 
DAMPING-OFF ‘ 

By L. D. Leach 

Plant pathologist, California Agricultural Experiment Station 
INTRODUCTION 


Severity of preemergence damping-off is determined by several 
factors, among which mass of inoculum, host susceptibility, tempera- 
ture, and soil moisture are usually the most important. Many workers 
have studied the effect of temperature upon seedling diseases. Two 
outstanding papers are those by Dickson (S),^ who demonstrated that 
Oibberella aaubinetii (Mont.) Sacc. produced severe infection upon 
com at low temperatures and upon wheat at high temperatures, and 
by Jones, Johnson, and Dickon (5), who summarized the results of a 
number of temperature studies. The latter writers raised the question 
whether the dominant influence of temperature was through the 
pathi^en or through the host. They concluded that with G. mubinetii 
the effect must be through the host. The relative susceptibility of the 
host at different temperatures was explained by Dickson and Holbert 
{4) as due to chemical differences within the host. At about the time 
that Dickson (S) was making his experiments with G, sauhinetii 
Richards {ZO) tested the pathogenicity of Rhizoctonm solani Kiihn 
upon several hosts and from these investigations Jones, Johnson, and 
DicWn (P, p. 59) concluded that the “relation of temperature to 
parasitism with Rhizoctonia is a fixed character of the fungus^^ and 
that “neither the nature of the host nor its normal temperature rela- 
tions materially influence the temperature range for the parasitic 
action of this fungus.” 

In the present studies the pathogenicity of several damping-off 
fimgi has been tested on (hnerent hosts in constant-temperature 
chambers with uniform soil moisture. Upon the same host several 
specific organisms show different temperature ranges for infection. 
Likewise a single organism may have different optimum temperature 
ranges for infection of different hosts. Usually the relative severity of 
infection at different temperatures did not correspond closely to the 
growth rate of either the host or the pathogen. As a ride, however, 
the percent of seedlings emerging from infested soil at different tem- 
peratures agreed closely with me ratio between the coefficient of 
velocity (11) of emergence and the growth rate of the organism at the 
same temperatures (IZ, IS), Since this relation held for several com- 
binations of hosts and pathogens, conceivably it might have a general 


1 Received for publication October 4. 1946. 

• Italic numbers in parentheses refer to Literature Cited, p. 178. 
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application. Utilization of this principle would aid in the selection of 
planting periods that permit the seedlings to escape infection from 
some seedling pathogens and to avoid severe infection from others. 

PROCEDURE 

All tests were conducted in a series of eight thermostatically con- 
trolled temperature chambers at 4° to 35® C. Temperature varia- 
tions were less than 1® in all chambers except the 4® one, where read- 
ings as high as 6® or 7® were sometimes recorded during the long periods 
required for germination, 

DETERMINATION OF SEEDLING EMERGENCE RATES 

For studying seedling emergence Yolo fine sandy loam first was 
pasteurized at 80® to 90® { 21 ) and then was moistened to field capa- 
city ® (16 percent) with a spray of distilled water while the soil revolved 
in an electrically driven cement mixer. Plantings were made in the 
manner described by Doneen and MacGillivray (5). Ten No. 2 tin 
cans with friction tops and each containing 300 gm. of this soil were 
placed in each temperature chamber along with a reserve of soil for 
covering the seeds. The following day, after the soil in each chamber 
had reached a constant temperature, 10 seeds of the host to be tested 
were placed in each can and covered with 100 gm, of soil from the 
same chamber. The cans were then topped and immediately replaced 
in the constant-temperature chamber. Each day the lids were re- 
moved so that germination might be observed and so that gases might 
not accumulate and inhibit germination. 

The emerged seedlings were counted daily during the emergence 
• period and the coefficient of velocity of emergence at each temperature 
was calculated by the Kotowski {11) formula: 

Total emergence at end of period v> i p ^ 

Sum of (each daily emergence increase^ — . . . 

X days since planting) 

The rate of emergence can also be expressed by the mean emergence 
period { 14 )) calculated in the same way as the coefficient of velocity 
except that the sum of the products is ffivided by the total emergence 
at the end of the trial. Or the coefficient of velocity divided into 100 
is equal to the mean emergence period expressed in days. For 
example, a coefficient of velocity of 4 indicates a mean emergence 
period of 25 days, whereas one of 30 represents a mean emergence 
period of 5 days. The result® in table 1 show that, relatively speak- 
ing, spinach is favored by low or moderate temperatures, whereas 
watermelons emerge r^idly only at high temperatures, a difference 
that is well known. Garden peas, wheat, and sugar beets emerge 
fairlvlrapidly [at [low temperatures, but are intermediate between 
the low- and high-temperature crops mentioned above. 


•JThe writer is indebted to Dr. L, D, Doneen, of the Irrigation Division, Uni-^ 
vbrsity of California, Davis, for adjusting the soil moisture and for making all 
moisture determinations. 
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Table 1 . — Relation of temperature to emergence rate of seeds planted in pasteurized 

soil 


Coefflclent of velocity of emergence i 


Tempera- 
ture (® C.) 

Spinach 

Wheat 

Garden 

peas 

Sugar beets 

Water- 

melons 

4 

4.2 

2.6 

2.4 

1.6 

0 

8 

7.1 

6.1 

4.6 

4.6 

0 

12 

10.3 

10.1 

8.8 

8.4 

0 

16 

15.7 

13.2 

10.5 

10.8 

3.6 

20 

17.6 

15.2 

12.3 

16.1 

8.5 

25 

10.5 

20.9 

16.8 

23.4 

21.1 

30 

15.4 

22.0 

15.1 

23.8 

28.7 

35 

None 

None 

None 

21.9 

33.0 


1 See definition, p. 162. 

DETERMINATION OP FUNGUS GROWTH RATES 

Some of the diflSculties involved in measuring fungus growth rates 
have been reported by Fawcett (6), The time factor is important 
but it is difficult to secure comparable rates without selecting more or 
less arbitrary periods for the different temperatures. Measurements 
on potato-dextrose agar were secured by placing a 2-mm. disk of agar, 
from near the periphery of a young fungus colony, as inoculum in the 
center of preincubated agar plates. At each temperature, radial 
growth was measured at intervals of 24 hours or less until the colony 
approached the edge of the petri dish, and the average growth in 
millimeters per 24-hour period was calculated. Near the optimum 
temperature, the maximum growth permitted by the dish was some- 
times reached within 48 hours, whereas at low temperatures several 
weeks were required by some organisms. 


Table 2. — Growth rates of 4 damping-off pathogens 


Tempera- 
ture (®C.) 

Pythium uUimum on— 

Jihizoctonia 
aolani on 
solid medium 

Aphanomyces 
cochlioides on 
solid medium 

Phoma betae 
on solid 
medium 

Solid 

medium 

Liquid 

medium 


Millimeters 

Milligrams 

Millimeters 

Millimeters 

Millimeters 


per hours 

per U hours 

per %4 hours 

per it hou 

per it hours 

4 

0 8 

1.0 

0 

0 

0 7 

8 

4,1 

3.6 

.1 

.6 

1.3 

12 

10.0 

12.2 

3.1 

2.1 

2.4 

16 

17.2 

17.2 

6.0 

3.9 

3.0 

20 

22.4 

22.2 

13 4 

5.4 

4.3 

25 

20.1 

19.4 

19.0 

7.6 

4.7 

30 

27.5 

15.6 

19.6 

8.8 

3.6 

35 

6.8 

8.0 

0.7 

4.6 

•4 

40 

0 

0 

1.0 




table 2 shows, the optimum temperature range for Pythium 
vitimum Trow appeared to fall between 25° and 30° C. This corre- 
sponds to the results obtained by Middleton (17), who found the 
highest growth rate at 28°, but it is considerably lower than the 
optimum of 32° reported by Harter and Whitney (7) for an isolate of 
this species from sweetpotato. 

Since the mycelial .growth of Pythium uUimum was less dense at 
30° and 35° C. than at 20° or 25°, the growth rate was also determined 
by dry-weight yield in a liquid medium. Flasks of potato-dextrose 
broth were inoculated in triplicate at each temperature. Again the 
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length of the incubation period had to be adjusted according to the 
rapidity of growth. At the end of the incubation period the fungus 
colony was separated from the medium in a filter and then washed 
and dried. The giowth rate was measured by the average weight of 
the dried colony in milligrams per 24 hours of incubation. As is 
shown by the results in table 2, the growth rates of P. vltimum on 
solid and in liquid medium were similar at temperatures of 4® to 20®, 
but growth at 26® and 30® was considerably less in the liquid medium. 
Most writers agree that measurement of fungus mass is more reliable 
than radial growth; and the growth rates in liquid medium are used 
in all comparisons with P. vltimum. Since, however, other fungi 
such as Rhizoctonia solani, Phoma betae Frank, and Aphanomyces 
cochlioides Drechs. did not show the same difference in density of 
colony, only the radial growth rates are used in this paper. 

EFFECT OP TEMPERATURE ON PREEMERGENCE DAMPING-OPP 

Infested soils were prepared by spraying a suspension of fungus 
mycelium into the pasteurized soil at the time the moisture content 
was adjusted. Young colonies of the fimgus on agar media were 
suspended in distilled water by mixing with a Waring blender. With 
coenocytic fungi such as Pythium uUimum and Aphanomyces coch- 
lioides excessive mixing in the blender resulted in some loss of via- 
bility. The degree of infestation of the soil was governed by the 
amount of fungus inoculum added and by the time of incubation 
before planting. In each test the identity of the casual organism 
was confirmed by pure culture isolation from infected seedlings or by 
microscopic examination of infected seedlings placed in watei culture. 

PYTHIUM INFECTION OF SPINACH 

• To determine the severity of preemergence damping-off for each 
combination of host and pathogen, germination trials were conducted 
in pasteurized soil and in soil infested with a specific organism. For 
example. Prickly Winter spinach seed planted in pasteurized soil at 
various temperatures germinated at rates indicated by the coefficient 
of velocity shown in table 3. The percentage of seedlings that 

Table 3. — Relation of growth rates of spinach and Pythium ultimum to emergence 

in infested soil 


Tempera- 
ture C® C.) 

Emergenoe 
of spinach, 
ooefflcient 
of velocity * 

Growth rate 

Ratio of 
growth 
rates, > host 
to pathogen 

Emergence in— 


OfP, 

vltimum 

♦ 

Pythium 

soil 

Pasteurized 

soil 


4 

4.2 

MiUigramt 
per day 

1.0 

4.20 

Percent 

06 

Percent 
- 06 


» 

7.1 

3.6 

1.07 

12 

06 


13 

10. .3 

12.2 

.84 

1 

06 


Id 

15.7 

17.2 

.01 

0 

- 06 


30 

17.6 

22.2 

.70 

5 

. 07 


26 

10.6 

10.4 

1.00 

16 

06 



16.4 

16.6 

.00 

13 

23 

' * 

.36 

0 

8.0 


0 

0 



tpinadr^eo^ftent velydty)^ 


1 SoaitaSBition. shove. 






Sept. 1 , 15, 1947 Growth Rates of Host and Pathogen 


165 


emerged at each temperature indicates that in the absence of patho- 
genic organisms spinach germinated about equally well between 4° 
and 25® C., but very poorly at 30® or above. 

In Py^Aium-infested soil, however, preemergence damping-off was 
severe at all temperatures above 4® C., but especially so between 12° 
and 20® (table 3). The ratio of growth rate of the host to that of the 
pathogen (column 4), bears a close relation to the emergence of 
spinach in Py^Aium-infested soil (fig. 1), with no preemergence in- 
fection at 4® where the ratio is above 4.0 but with severe infection 
where the ratio drops to 1.0 or below. 

RHIZOCTONIA INFECTION OF SPINACH 

The ratio of the growth rate of spinach (table 4) to that of Rhizocto- 
nia solani shows that at 4® and 8® C. the host grew relatively faster 
than the fungus. At these temperatures there was no evidence of 


Table 4. — Relation of growth rates of spinach seedlings and Rhizoctonia 
solani to emergence in infested soil 





Ratio of 
growth 
rates,* 
host to 
pathogen 


Emergence of— 


Tempt'raturo 

(^C.) 

Emergence 
of spinach. 
coefBcIent 

Growth 
rate of 

F. iolani 

Seed lot A in— 

Seed lot B in— 

of velocity 

Rhizoc- 
tonia soil 

Pasteur- 
ized soil 

Rhizoc- 
tonia soil 

Pasteur- ’ 
ized soil 



Millimeters 
per day 


Percent 

Percent 

Percent 

Percent 

4 

4.2 

0 

0» 

86 

73 

(*) 

95 

8 

7.1 

.1 

71.00 

81 

77 

(2) 

96 

12 

10 3 

3 1 

3.32 

65 

81 

93 

96 

16 

16.7 

6.9 

2.28 

35 

77 

82 

96 

20 

17.6 

13.4 

1.31 

1 

75 

34 

97 

25 

19 5 

19.0 

1,03 

0 

77 

1 

96 

30 

15.4 

19.7 

.78 

0 

11 

0 

23 

35 

0 

9.7 

- -- ' 

0 

0 

0 

0 


> Ratio rate o f spi nach ( coefficient of velocity). 

Orowth rate of /?. soJani (millimeters per day) 

*Not tested. 

preemergence damping-off. As the temperature increased, the ratio 
of host growth rate to pathogen growth rate decreased, and a corre- 
sponding increase in the severity of infection took place with both 
seed lots A and B (f^. 2, A and B), Infection was less severe, how- 
ever, upon seed lot B with high germination than upon seed lot A 
which showed lower viability. 

Kotowski {11) found that the germination of spinach seed decreased 
with each increase in temperature from 5® to 30® C. In the present 
trials there were no differences in the percent of emergence of spinach 
seed planted in pasteurized soil between 4® and 25°; although emer- 
gence was reduced considerably at 30®, Since Kotowski^s results 
resemble those observed in infested soil, perhaps his sand medium 
contained a mild infestation of damping-off pathogens, such as 
Rhizoctonia solani. ’ 
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Figure 1 . — Coefficient of velocity of emergence of spinach in pasteurized soil, 
growth rate of Pythium uliimum in liquid medium, and ratio of emergence 
rates of spinach to growth rate of Pythium; B, percent emergence of spmach 
in pasteurized soil and in soil infested by P. vUimum compared with curve 
representing ratio of growth rates of host and pathogen reproduced from 
figure lyA, Spinach escaped infection by P. uUimum at 4® C., where the host 
grew relatively faster than the piithogen, and was most severely infected be- 
tween 12® and 20®, where the fungus grew relatively faster than the host. 
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Figure 2. — A, Coefficient of velocity of emergence of spinach at temperatures 
of 4® to 40° C,, growth rate of Rhizoctonia aolani on agar, and ratio of emergence 
rate of spinach to growth rate of Rhizoctonia, The low temperatures were 
more favorable for the host and the high temperatures for the pathogen. B, 
’ Percent emergence of spinach in pasteurized and in 7?Ai2oc<onta4nfested soil 
compared with curve representing ratio of growth rates of host and pathogen 
reproduced from figure 2, .4. 
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PYTHIUM INFECTION OP GARDEN PEAS 

Garden peas (variety Laxton’s Progress) germinate well in moist 
pasteurized soil at 4^ to 30^ C., but no emergence was obtained at 35^ 
(table 5). Although peas emerge slowly at 4® and 8®, their growth 

Table 6. — Relation of growth rates of peas and Pythium ultimum to emergence in 

infested soil 


Temper- 
ature 
(° C.) 

Emergence 
of Mas, 
ooemcient 
of velocity 

Orowth 
rate of 

P. ultimum 
milligrams 
per day 

Ratio of 
growth 
rates, ^ 
host to 
pathogen 

Emergence In— j 

Pythium 

soil 

Pasteurized 

soil 





Percent 

Percent 

4 

2.4 

1.0 

2.40 

66 

89 

8 

4.6 

3.6 

1.28 

18 

90 

12 

8.8 

12.2 

.72 

2 

98 

16 

10.5 

17.2 

.61 

0 

93 

20 

12.3 

22.2 

.55 

0 

93 1 

25 

16.8 

19.4 

.86 

2 

94 

30 

15.1 

15.6 

.97 

32 

86 

35 

0 

8.0 

' ' 

0 

0 


iR rate of peas (coefflcient of velocity) 

® Orowth rate of P. ultimum (milligrams per day)* 

rate is relatively faster than that of Pythium at these temperatures 
(fig. 3, A) and infection was less severe than at higher temperatures. 
Seed decay and preemergence infection were most severe between 12° 
and 25° (fig. Z, B). In this trial the inoculum was so heavy that 
practically all seedlings were destroyed at these temperatures and 
differences between the temperatures were obscured. 

The occurrence of less infection upon peas at low than at inter- 
mediate temperatures confirms Reinking’s {19, p. 41 ) conclusion that 
“pieas should be planted as early as possible in order to take advantage 
of the cooler soil temperatures wat are unfavorable to fungous develop- 
ment.” McNew (16) stated that seed decay was more severe in cool 
soils (15° to 20° C.) than in warmer ones (29° to 32°). His cool soils 
fall, however, within the optimum range for infection as ^own in 
table 5. 

In all comparisons of temperature effects, soil moisture must be 
maintained at similar levels, since, as shown by Jones (8), soil moisture 
is perhaps more important than temperature m determining the sever- 
ity of pea seed decay. 

PYTHIUM INFECTION OF SUGAR BEET 

Sugar beet seedlings develop faster , than Pythium ultimum at both 
high and low temperatures (table 6), but at intermediate tempera- 
tures file pathogen develops faster. 

In the absence of soil-borne organisms, the ^eatest number of 
sugar-beet seedlings was produced at 12° to 30° C., somewhat fewer 
at 4° and 8°. A temperature of 3.5°, however, not only reduced the 
number but resulted in the production of weak seedlings. In 
Pyf&ium-infested soil, preemergence damping-off was most severe at 
12° to 20°, where the ratio of the growtn rate of the host (table 6) 
to that of the pathogen was the lowest. 
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Table 6. — Relation of growth rates of sugar beets and Pythium uUimum to 
emergence in infested soil 



Emergence 


Ratio of 

Emergence of seedlings per 100 seed balls in— 

Temper- 

ature 

(“0.) 

of sugar 
beets, 
ooe£doient 

Orowth 
rate of 

P. uUimum 

growth 
rates, 1 
host to 

Pythium soil 

Pasteur- 

ized 

soil 

of velocity 


pathogen 

Trial A 

Trial B 

Trial C 

4 

1.6 

Milligrama 
per day 
1.0 

1.60 

No. 

64 

No. 

70 

No. 

46 

No. 

114 

8 

4.6 

3.6 

1.28 

32 

18 

28 

146 

12 

8.4 

12.2 

.60 

1 

0 

15 

186 

16 

10.8 

17.2 

.63 

0 

0 

15 

180 

20 

16.1 

22.2 

.72 

0 

0 

12 

103 

26 

23.4 

10.4 

1. 21 

6 

2 

38 

200 

30 

23.8 

16.6 

1.62 

40 

30 

132 

192 

36 

21.0 

8.0 

2.74 

100 

141 

00 

7a 


p Emergence of beets (coefficient of velocity) 

iiatio— rate of P. vUimum (milligrams per day)* 


Since the zone of severe infection coincides with the most favorable 
temperatures for germination of sugar beets (fig. 4, A) and since in- 
fection may be fairly severe throughout the normal range for ger- 
mination (8® to 30® C.) (lig. 4, B)y there is little possibility of elim- 
inating Pythium infection by altering the planting date as long as soil 
moisture conditions remain favorable for the pathogen. 

RHIZOCTONIA INFECTION OP SUGAR BEET 

When the growth rates of sugar beets and Rhizoctonia solani (table 
7) are compared, low temperatures seem to be mucdi more favorable 
to the host than to the pathogen (fig. 5, A), In soil of moderate in- 
festation (trial A), preemergence damping-off was most severe at 20® 
to 30® C., corresponding to the lowest ratios of the emergence rate 


Table 7. — Relation of growth rates of sugar beets and Rhizoctonia solani to emergence 

in infested soil 


Tempo- 

rary 

CC.) 

Emergence 
of sugar 
beets, co- 
efficient 
of velocity 

Growth 
rate of 

F. solani 

Ratio of 
growth 
rates 1 
host to 
pathogen 

Emergence of 

- 

Seedlings per 100 seed balls in— 

Rhizoctonia soil 

Pasteur- 
ized soil 

Trial A * 

Trial B » 



MUlimetns 


1 





per day 


Number 

Number 

Number 

4 

1.6 

0 

m 


116 

114 

8 

4.6 

.1 

46.00 

122 

143 

146 

12 

8.4 

3.1 

2.71 

190 

186 

186 

16 

10.8 

6.0 

1.56 

128 

3 

189 

20 

16.1 

13.4 

1.20 

83 

0 

103 

25 

23.4 

10.0 

1.23 

23 

0 

209 

30 

23.8 

19.7 

1.21 

73 

4 

102 

36 

21.9 

9.7 

2.26 

147 

53 

76 


1 gwergeneg of buts jcsefficient of vaocilp) 

.. Growth rate of P. ^ir day)’ 

; Soil moderately infested. 


• Bou moderately infesh 

• Soil heavily infested. 

759637 — 47 ^2 
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TEMPERATURE i*0.) 


Figure 3. — A, Coefficient of velocity of emergence of garden peas, growth rate 
of Pythium ultimum in liquid medium, and ratio of emergence rate of peas to 
^owth rate of Pythium; B, percent emergence of peas in pasteurized and in 
Pythium-infested soil compared with curve representing ratio of growth rates 
of host and pathogen reproduced from figure 8, A, Seed decay was less severe 
at high and low temperatures than between 12® and 25® C., a relation corre- 
sponding to the ratio between growth rates of host and pathogen. 
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Figure 4. — Coefficient of velocity of emergence of sugar beets, growth rate of 
Pythium ultimum in liquid medium, and ratio of emergence rate of sugar beets 
to growth rate of Pythium) B, percent emergence of sugar beets in pasteurized 
soil and in soil infested by P, ultimum compared with curve representing ratio 
of growth rates of host and pathogen reproduced from figure 4, A, Pythium 
infection was severe throughout the temperature range favorable for germina- 
tion of sugar beets. 



172 


Journal of Agricultural Research voi. 76, Nos. 6» 6 



Figure 5. — Coefl&oient of velocity of emergence of sugar beets, growth rate 
of Rhizoctonia on agar, and ratio of emergence rate of sugar beets to growth 
rate of Rhizoctonia: B, percent emergence of sugar beets in pasteurized soil 
and in soil infested by R, solani compared with curve representing ratio of 
growth rates of host and patho^n reproduced from figure 5, A. Infection 
was severe between 16® and 30® C. with a maximum at 26®, near the optimum 
for both host and pathogen, but there was no infection at 12® or below where 
the host grew relatively faster than the fungus. 
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of the host to the growth rate of the pathogen (fig. 5, B), With a 
heavy soil infestation (trial B), infection was severe at 16° to 30°, 
but no preemergence damping-off occurred at 12° or below in either 
trial. 

These results suggest that plantings at low temperatures would 
escape Rhizoctonia infection. Such a conclusion is supported by the 
fact that in central California this fungus is rarely recovered from 
early spring plantings but frequently from later ones. 

PHOMA INFECTION OP SUGAR BEET 

Phoma betas differs in one respect from the pathogens previously 
discussed. Instead of being soil-borne, it is carried either internally 
or externally on the beet seed balls produced in some areas. This 
fungus grows slowly at all temperatures, but a study of the relative 
growth of sugar beets and Phoma (table 8) shows that the higher the 

Table 8. — Relation of temperature to growth of Phoma hetae and to emergence of 

Phoma-infected beet seed 


Tempera- 

ture 

CC.) 

Emergence 
of b^>ts, 
coefficient 
of velocity 

Growth 
rate of 

P. beiae, 

Ratio of 
growth 
rates,* 
.host to 
pathogen 

Emergence in pasteurized soil of 
seedlings per 100 seed balls 

Pftoma-infected 

seed 

T)is<*ase' 
friH* seed 

Lot A 

Lot B 



MHligramn 







per H hours 


Number 

Number 

Number 

4 

1.6 

0.7 

2.28 

3 


114 

8 

4.6 

1 3 

3.54 

0 

38 

145 

12 

8.4 

2 4 

3.50 

41 

91 

186 

16 

10.8 

3 0 

3.60 

45 

102 

189 

20 

16.1 

4 3 

3 74 

77 

139 

193 

25 

23.4 

4. 7 

4 98 

129 

144 

209 

30 

23.8 

3.6 

0.61 

131 

132 

192 

36 

21.9 

.4 

64 75 

68 


75 


» Ratio— of bee ts (c oefflcient of velocity) ^ 

Growth rate of P. milligrams i>er day)* 

temperature the more favorable it is for the host as compared with 
the pathogen. 

With most seed lots Phoma produces chiefiy postemergence root 
or hypocotyl infection and little or no preemergence damping-off. 
In a few heavily infected lots, however, preemergence infection was 
abundant. Two of these lots, A and B, were tested in pasteurized 
soil at 4° to 35° C. Each emerged as well at 25° or 30° as when the 
lots were disinfected before planting; but at low temperatures the 
emergence of PAomo-infected lots dropped much lower than that of 
disease-free seed lots at the same temperatures. As shown by table 8, 
the zone of severe preemergence infection corresponds to the lowest 
ratios between host growth rate and pathogen growth rate. 

Low emergence of both infected and disease-free seed lots at 35° 
C. is characteristic of all plantings at that temperature. 
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PHYTHIUM INFECTION OP WATERMELON 

Id contrast to spinach and peas, watermelon is t 37 pical of high- 
temperature crims. Even in pasteurized soil (table 9) no seedlings 
emerged at 12° C. or below, omy a few appeared at 16°, but excellent 
results were obtained at 20° to 36°. The highest emergence rate 
was found at 35°, with the rate decreasing as the temperature was 
lowered (fig. 6, A). The ratio of growth rates shows that at low 
temperatures Pythium grew relatively faster than watermelon, whereas 
at high temperatures this relation was reversed. 


Table 9. — Relation of growth rates of watermelon and Pythium ultimum to 

emergence in infested soil 


Temperature 

(^C.) 

Emergence 
of water- 
melon, co- 
efficient 
of velocity 

Growth 
rate of 

P. ultimum, 

Ratio of 
growth 
rates.i 
host to 
pathogen 

Trial A * 

Emerge 

Pythium sol 

Trial B > 

nee in— 

Trial C * 

Pasteurized 

soil 



Milligrams 








per day 


Percent 

Percent 

Percent 

Percent 

4 

0 

1.0 

0 





8 

0 

3.6 

0 





12 

0 

12.2 

0 

0 

0 

C 

0 

16 

3.6 

17.2 

.21 

0 

0 

0 

17 

20 

8.5 

22.2 

.38 

20 

0 

1 

94 

25 

21.1 

19.4 

1.09 

64 

1 

6 

90 

30 

28.7 

15.6 

1 84 

73 

19 

8 

92 

35 

33.0 

8.0 

4.12 

98 

91 

<75 

96 


p Emergence of watermelop (coefflclcnt of velocity) 
at Qfo^th rate of P, uUimum (milligrams per day) 
> Moderately infested soil. 

4 Heavily infested soil. 

<33® C. 


By comparing the emergence in pasteurized soil with that in 
moderately infested soil (trial A), one can see that preemergence 
infection was severe at 16® and 20® C., moderate at 25® and 30®, 
and totally absent at 35® (fig. 6, B). In heavily infested soil (trials 
B and C) severe breemergence Mection occurred at temperatures as 
high as 30® but not at 35®. The unintentional lowering of the tem- 
perature from 35® to 33® resulted in some preemergence infection 
in trial C. 

The severity of infection in each trial was closely related to the 
ratio of growth rates at that temperature (fig. 6, B). 

These data strikingly resemble Arndt's results (jf) with cotton 
seedlings in P^/ZAmm-mfested soil. Comparison of Arndt's ‘‘time 
required for emergence" for cotton with the present data on the growth 
rate of P. vltimum (table 2) indicates that his ratios would be similar 
to those for watermelon and Pythium at the same temperature. 
Arndt's findings could therefore be explained on the same basis. 

RHIZOCTONIA INFECTION OP WATERMELON 

Althou^ Rhizoctonia solani does not grow so well at low tempera- 
tures as jPythium ultimum^ its growth rate exceeds that of water- 
melon seedlings below 25® C. Above that temperature, conditions 
are increasingly favorable to watermelon. A single trial in heavily 
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Figure 6. — A, Coefficient of velocity of emergence of a high temperature crop, 
watermelon ; growth rate of a low temperature fungus, Pythium vUimum; and, 
ratio of the emergence rate of watermelon to growth rate of Pythium, B, 
Percent emergence o’f watermelon in pasteurized soil and in soil infested by 
P. ultimum compared with curve representing ratio of growth rates of host 
and pathogen reproduced from figure 6, A, Low temperatures favored the 
growth of the pathogen whereas high temperatures favored that of the host; 
damping«off decreased as the temperature rose. 
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infested soil (table 10) shows that Rhizoctonia causes severe seed 
decay and preemer^ence damping-off at. 16® to 26®, but little if any 
preemergence infection at 30® and 35®. 

Table 10. — Relation of growth rates of watermelon and Rhizoctonia eolani to 

emergence in infested soil 


Tempera- 
turn rC.) 

Emergence 
of water- 
melon, 
ooefficient 
of velocity 

Growth 
rate of 

R. iolani, 

Ratio of 
growth 
rates ^ 
host to 
pathogen 

Emergence in— 

Rhieoc- 
tonia soil 

Pasteur- 
ised soil 



MUlimeten 




4 

0 

per day 

0 


Percent 

Percent 

8 

0 

.1 

0 



12 

0 

3.1 

0 

0 

0 

16 

3.6 

6.0 

.62 

0 

17 

20 

8.6 

13.4 

.63 

0 

94 

26 

21.1 

19.0 

1.11 

0 

90 

30 

28.7 

19.6 

1.46 

83 

02 

36 

33.0 

9,7 

3.40 

90 

96 


1 p Emergence of watennelon (coefflcient of velocity ) 

solani (millimeters per day) * 

DISCUSSION 

The comparisons in tables 3 to 10 and figures 1 to 6 illustrate eight 
combinations of hosts and pathogens. The severity of preemergence 
damping-off appears to be closely related sometimes to the growth 
rate of the host and sometimes to the growth rate of the pamogen. 
Neither of these factors alone adequately explains, as a rule, the 
relation between temperature and the severity of preemergence 
damping-off. However, in all combinations of host and pathogen 
tested, the ratio between the coefficient of velocity of seedling emer- 
gence and the ^owth rate of the pathogen is inversely related to 
the severity of infection. If this relation has general applications, 
then one can establish a temperature range within which infection is 
absentj a range within which infection is moderate, and one within 
which it is severe for any combination of host and pathogen, provided 
the OTowth rates of the two are known. 

This concept explains why, in general, high-temperature crops like 
cotton, cowpeas, lima beans, and peanuts are more subject to seed 
decay or preemergence damping-off at low than at high temperatures, 
whereas Iqw-temperature crops like spinach and peas often suffer 
less infection at low than at intermediate or high temperatures, 
provided soil moisture conditions are similar. By studying seasonal 
temperatures one is sometimes gabled to plant certain crops within 
escape periods for specific pathogeiis, or ajt least to avoid the period 
of most severe infection. If plantings of susceptible crops must be 
made during the period favorable for infection, then seed treatment 
is imperative; and one should select the, specific treatment most 
effective against the organism or organisms most likely to operate 
at a given soil temperature. 

In all combinations of host and pathogen, the lower the ratio of the 

f rowth rates, the more severe was the preenaergence damping-off. 
'or example, with sugar beets a rapid-growing fungus such as Pythium 
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vJUimum shows a growth-rale ratio below 1.0 and causes severe 
weemergence infection at temperatures favorable to the fungus. 
With Rhizoctonia aolani, a somewhat slower-growing fungus, the ratio 
of growth rates at temperatures most favorable to the fungus is be- 
tween 1.0 and 2.0. At these temperatures Rhizoctonia produces less 
preemergence iirfection than Pythium but may cause considerable 
postemergence infection. With a slow-growing fungus, such as 
Aphanomyces cochlioides, sugar beets show a growth-rate ratio of 2.5 
to 3.2 at the temperatures most favorable for the fungus. Infection 
by this organism is limited almost entirely to the postemergence 
pnase, as reported by Buchlioltz (2). 

Apparently, therefore, ratios of below 1.0, indicating that the growth 
rate of the pathogen exceeds that of the host, are associated with the 
potentiality of severe preemergence infection. As the ratios increase 
from 1.0 to 4.0 the probability of preemergence infection is lessened, 
but postemergence infection may be severe. Ratios above 4.0 are 
associated with total absence of preemergence damping-off. 

The present studies were limited chiefly to observations on pre- 
emergence infection, since the methods employed were not suitable 
for testing the effect of temperature on postemergence phases. Prob- 
ably, however, the same relations hold for many types of infection on 
rapidly growing plant parts. 

The occurrence of strains of a pathogen having different temperature 
requirements would alter these relations; and, when tested on the 
same hosts, a low-temperature strain of Rhizoctonia solani such as 
reported by Kadow and Anderson (10) would probaby not show the 
same temperature relations as the strain used in these trials. 

The similarity between the ratio of growth rates and the severity of 
infection does not necessarily mean that growth rate is the controlling 
factor. In specific cases, the susceptibility of seedlings has been shown 
to be correlated with chemical differences in the host brought about by 
temperature, as reported by Dickson and Holbert (4) and by Reddy 
(18), Investigations by McClure and Robbins (16) showed that 
resitance of cucumber seedlings to postemergence infection by Pyth- 
ium was associated with cell-wall lignification, which in turn was 
influenced by age of seedlings, nitrogen nutrition, and light. 

Probably, however, even in these cases, the physiological or ana- 
tomical changes in the host that limit infection are closely associated 
with the growth rate of the host and infection is related to the relative 
activity of the host and the pathogen. 

SUMMARY 

To determine the effect of temperature upon the severity of pre- 
emergence dampii^-off, spinach, sugar beets, peas, and watermelons 
were germinated in pasteurized soil and in soil infested by specific 
pathogens and maintamed at controlled soil moistures and temperatures. 

The coefficient of velocity of emergence was determined for each 
host from daily emergence counts in pasteurized soil at each tempera- 
ture. The growth rs,te for each pathogen was determined at each tem- 
perature from measimements on agar ^ates or from nutrient solutions. 

Spinach, a low temperature crop, was most severely infected in 
Pyfawm-infested soil between 12® and 20® C. and escaped preemerg- 
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ence infection only at 4®. In iJAisoc^onia-infested soil, however, 
spinach suffered little or no preemergence infection at 12® or below, 
moderate infection at 16®, and severe preemergence damping-off 
at 20® or above. 

Watermelon, a high temperature crop, escaped infection by either 
Pythium or Rhizoctonia at 35® C. but was more severely infected as 
the temperature was lowered. 

In Pythium-irdested soil, seed decay and preememence infection of 
garden peas was most severe between 12® and 25® C. 

The temperature ranges in which the most severe preemergence 
infection 01 sugar beets occurred were: Pythium-iidested soil, 12® 
to 20® C. ; Rhizoctonia j 16® to 30®; and from seed infected with Phoma 
hetae, 4® to 20®. 

In all combinations of host and pathogen preemergence infection 
was most severe at temperatures that were relatively less favorable 
to the host than to the pathogen as measured by the ratio of their 
growth rates. 

From these trials it appears, therefore, that other factors being 
constant, the relative growth rates of the host and pathogen determine 
to a considerable degree the severity of preemergence infection at 
different temperatures. 
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BESISTANCE OF LATHYEUS SPP. AND PISUM SPP. TO 
ASCOOHYTA PINODELLA AND MYCOSPHAEBELLA 
PINODES 1 


By J. L. Weimer* 

Senior pathologist^ Division of Forage Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis- 
tration, United States Department of Agriculture 

INTRODUCTION 

The culture of the Austrian Winter field pea, a variety of Piaum 
mtwvm L., grown as a winter cover crop throughout the southeastern 
part of the United States aUd the Pacific Northwest, is considerably 
restricted by its susceptibility to diseases. Most destructive of these 
diseases in the Southeast are those caused by Ascochyta pinodella L. 
K. Jones, Mycoaphaerella pinodes (Berk, and Blox.) Vest., and Apha- 
nomyces euteiches Drechs. In the hope of discovering for use in 
breeding work a field pea* more resistant than the Austrian Winter 
variety to these fungi a study was initiated in the autumn of 1935 at 
Experiment, Ga. During a 10*year period many different lots of 
Piaum and a few of Lathyrua were tested, many of them several times. 
Some of the difficulties involved and the methods of surmounting 
them were described in a preliminary report in 1940.^ The present 
paper records the results of the studies of the species, varieties, and 
strains for resistance to A. pinodella and M, pinodes only. The in- 
vestigations of A, euteiches are not entirely complete, and the results 
will be reported at some future date. 

MATERIALS AND METHODS 

The seeds used in these investigations were obtained in this country 
and from abroad. Few of the peas tested, other than the lots of the 
Austrian Winter variety, were able to survive the more severe of the 
winters at Experiment, Ga. It became necessary, therefore, to provide 
a measure of protection for the plants, especially during cold nights. 
Previously described hotbeds,® heated with electric cable and covered 
with heavy cloth, were found to be adequate. The seeds were planted 
during the first naif of October in well-fertilized field soil in 6-inch 
pots. When available, 10 seeds were planted in each pot. 
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Station. Paper No. 155, Journal Series, Georgia Agricultural Experiment Station. 
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In order to insure abundant infection 2- to 4-inch plants were 
inoculated by placing on the surface of the soil 1 or 2 tablespoonfuls 
of autoclaved peas on which the fungus to be tested was growing. 
After the inoculum was applied, the pots were watered thoroughly 
and kept covered with the hotbed cloth for 2 days; this cover was wet 
down several times during that period. 

Since 2 fungi {Ascochyta pinodeUa and Mycosphaerella pinodes) 
were involved, it was necessary to have 2 duplicate sets of pots, 1 set 
in each bed. Thus, in most experiments 40 plants were under test at 
the same time. When the results were not conclusive, the lots were 
included in the test the following year. Pots of the Austrian Winter 
variety, which was used as the control, were scattered throughout the 
beds. 

Samples of seed were sometimes obtained after the general 
planting had been made. The plants from such seed often made poor 
growth until late spring. These small plants were almost always less 
severely diseased than those of the lots planted earlier. 

In late spring, usually about the first of May, the best plants were 
taken from the hotbeds to a cloth enclosure,® and seeds were obtained 
from most of them. Seeds thus obtained were tested again in the 
hotbed the following season. The best plants were also used as parents 
in the breeding program. 

When sufficient seeds were available, duplicate rod rows were planted 
in the field on land that had grown peas for two or more consecutive 
years. No attempt was made to inoculate the field-grown plants, and 
the amount of infection varied considerably from year to vear, de- 
pending on the rainfall. In some years a large proportion of the plants 
growing in the field were killed by freezing and disease. 

In addition to stand counts made in late autumn, notes were taken 
jtt irregular intervals, usually two or three times during the spring 
months. The final observations were made in late April or earljr May. 
The ratings made at this time were used as the best obtainable 
criterion of the resistance of the plants. 

Hotbed space, seed, and labor were not available in sufficient 
quantity to permit the planting of enough replications to make a 
statistical study bf the data worth while. The fact that the control 
pots in different parts of the same hotbed varied widely showed that a 
large number of replications would have been necessary to establish 
statistically significant differences. In view of these variations it was 
concluded that only the rating denoting the most severe infection could 
be accepted as indicative of the susceptibility of a variety. Often 
ratings were influenced by place effect, seasonal growth rate, and 
doubtless other factors not always recomized. When possible, doubt- 
ful ratings were checked in rej^eated hotbed tests as well as in field 
plots. 

The plants were rated as follows: Immune, highly resistant, re- 
sistant, moderately resistant, susceptible, and very susceptible. No 
counts were made. The most important items considered in making 
the ratings were (1) killing of the plants, (2) extent of the damage to 
the lower part of the stem and percentage of stem involved, (3) num- 


* See footnote 3, p. 181. 
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ber of basal leaves that had been killed, and (4) severity of spotting 
and amount of dead tissue in the upper leaves. 

It was found that, even though the pots inoculated with the two 
fungi were kept in separate hotbeds, the distance between them was 
not sufficient to prevent the spread of the fungi from one bed to the 
other. Consequently there was a mixture of the two fungi in both 
beds, especially by late spring. Since the symptoms produced by the 
two fungi are so nearly alike, it was impractical to differentiate plants 
affected by them. Likewise, septoria leaf spot sometimes was preva- 
lent early in the spring as a result of natural infection. It was im- 
possible, therefore, to give to each lot of plants a rating that would 
denote its true reaction to either of the fungi tested. Such ratings, if 
desired, must be obtained by other experimental methods. The results 
presented in this paper must be considered as a composite reaction of 
the plants to inoculation with Ascochyta pinodella and Mycosphaerella 
pi/nodes and to a slight extent to natural infection with Septoria pisi 
West. Whenever possible, however, injury caused by Septoria was dis- 
regarded. From many viewpoints composite results of this nature are 
not the most desirable, but they represent exactly the condition found 
in the field. Since the objective of these tests was to find breeding 
stock that would survive this combination of diseases, the methods were 
considered suitable for the purpose. 

SYMPTOMS USED BATING RESISTANCE 

Although several thousand plants were inoculated and studied, 
there was not found any single symptom that would consistently dif- 
ferentiate the diseases caused by Ascochyta pinodella and Myco- 
sphaerella pinodes under the conditions of these experiments. The only 
certain method of detennining which fungus was present was to make 
isolations. The study of pycnidia often present on dead parts was also 
helpful. The symptom most commonly found early in the spring was 
a browning or blackening of the base of the stems, whicli usually 
started just below the surface of the soil. In very susceptible varieties 
the stem was decayed entirely through in a relatively short time and 
the plant died ; in other varieties the damage was more superficial, and 
death came more slowly, if at all. Some plants tested were already 
killed, or nearly so, when the Austrian Winter plants showed almost 
no disease. There were all gradations between these extremes. 

Another prominent symptom was leaf spot. Usually this did not de- 
velop in abundance until later in the spring, when it varied in severity, 
depending largely on weather conditions. The leaves were killed from 
the base of the plants upward. Sometimes 6 inches to 2 feet of the 
ends of the vines still had green leaves at the time the experiment was 
discontinued. In wet seasons all of the green leaves were more or less 
spotted, but when conditions were less favorable for infection some of 
the leaflets at the ends of the vines had few or no lesions. 

The presence or absence of leaf spotting, especially late in the 
spring, was of doubtful value as an aid in rating the different lots. 
Many of the plants grew rapidly and produced long vines that climbed 
over the tops of the .other plants or the sides of tlie bed where there 
were free air circulation and consequent rapid dissipation of rain 
and dew. (Hher plants grew slowly, and their tops always remained 
near the ground wnere the humidity was higher. 
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The spotting of pods was of no importance in this work, since the 
experiments were largely discontinued before pods were formed. 

The plants of certain varieties grew rapidly throughout the season, 
whereas those of others grew slowly and made almost no growth during 
the colder winter months. In the former group were most of the 
English, or garden, peas {Pisvm saiivwm ) ; in the latter group were 
the more winter-hardy types such as the Austrian Winter peas. The 
diseases frequently appeared to make progress in proportion to the 
rate of growth or the plant, so that tne stems of rapidly growing 
plants ohm quickly decayed and the plants were kuled or nearly 
killed (fig. 1) at a time when the slower growing plants still remained 



Figube 1.— Field pea plants from an Inoculated Imported lot of seed, typical of 
the rapid-growing type of plant, as they appeared on Febtuary 12, 1941. 
Practically all of the lower leaves had been killed, and large dark-brown 
lesions were present on the stems. All of the plants were dead on March 26. 
They were planted at the same time and treated the same as those shown in 
figures 2 and 3. X 
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fairly free from disease (figs. 2 and 3). The slower mowing lots in 
turn became severely diseased when they started rapid growm in the 
spring. The final result, insofar as the total amount of disease was 
concerned, was about the same by late spring, although some lots lived 
to produce much more green weight than others. 



Fiquke 2. — Inoculated Austrian Winter field peas from a hotbed as they appeared 
on February 12, 1941. Some very small stem and leaf lesions caused by Ascoch- 
yta pinodelUi and Mycosphaerella pinodes were evident, and some of the lower 
leaflets had been killed by Septoria pisi. In general, however, the plants were 
still fairly healthy as compared with those shown in figure 1. X 


EXPERIMENTAL RESULTS 


In some experiments a few isolated lots of Pisum sativum showed 
some resistance, but when retested they too were very susceptible to 
Ascochyta pinodella and Mycosphaerella pinodes. The named va- 
rieties and the unnamed strains of Pisum sativum^ the unnamed strains 
of Pisum spp., and the lots of seed with numbers only that were rated 
as very susceptible follow. 


Varieties of Pimm sativum: 
Admiral (F. O.' 29031) 
Advancer (F. C. 30049) 
Agnes No. 7 (F. C." 29911) 
Alah 


Varieties of Pisum sativum — Con. 
Alaska (F. C. 29932) 

Alberta Blue (F. C. 29933) 
Alcross (F. C. 30051) 
Alderman (F. O. 30052) 


^ F. C. refers to accession numbers of Division of Forage Crops and Diseases. 
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Figure 3. — Inoculated plants of a double cross from the same hotbed as those in 
figures 1 and 2 as they appeared on February 12, 1941. These plants made 
slow growth and remained healthy much longer than the rapid-growing type 
shown in figure 1. They had been rated as very highly resistant to Ascochyta 
and Mycosphaerella on January 31 ; but, like the Austrian Winter plants shown 
in figure 2, they were rated as very susceptible on April 28. X 


Varieties of Pisum sativum — Con. 
. Alfred (F. C. 29984) 


Allan Oanner (F. C. 30053) 
American Wonder (F. C. 30054) 
Amraoti (F. C. 29935) 

Andes (F. C. 29936) 

Arabelle (F. C. 30073) 

Archer (F. C. 29937) 

Arthur (F. C. 29938) 

Arthur 108 (F. C. 29939; F. C. 
30055) 

Austrian Winter * 

Bangalia (F. C. 29940) 

Belgium Sugar (P. I.* 137124) 
Benah 

Black Bye (F. 0. 29913) 
Black-eyed Marrowfat (F. C. 
22431) 

Bliss Everbearing 

Blue Bantam (F. C. 30057) 

Blue Imperial (F. O. 29942) 

Blue Prussian (F. C. 29941 ; F. C. 
30058) 

Bothnia (P. I. 187174) 

Brown Abyssinian 

Canadian Beauty (IT. C. 29943; 

F. C. 29944) 

‘"Capucyners” 


Varieties of Pisum sativum — Con. 
Carlton (F. C. 29945) 

Chancellor (F. C. 29946) 

Chang (F. C. 29914 ; F. C. 30059) 
Chinese Purple (P. I. 137118) 
Clamart (F. C. 29915) 

Colorado Marrowfat (F. C. 29947) 
Concordia (P. 1. 137175) 

Cossacks (F. C. 29948) 

Creole 

Cudoiz 

Daniel O’Kourke (F. C. 29949) 
Dashaway (F. C. 30060) 

Delano (F. C. 29950) 

Desl (F. C. 29951) 

Dwarf Telah 

Earliest Perfection (F. C. 30063) 
Early Britain (F. C. 29952) 

, Early Briton (F. C. 30061) 

Early Perfectah 
Early Perfection 
Early Sabljas 

Early Washington (F. C. 30C62) 
Early White (F. C. 29953) 
Express 

Farnham (F. C. 29956) 

First and Best (F. C. 29957) 
French Gray (F. C. 29916) 


• 78 lots from different sources. 

•P. I. refers to accession numbers of Division of Plant Exploration and Introduction. 
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Varieties of Piaum sativum — Con. 
French June (F. 0. 29958) 

Frlale (F. C. 29059) 

Giant Edible Pod 
Golden Marrow (F. C. 29917) 
Golden Marrowfat (F. C. 30005) 
Golden Vine (F. C. 22429) 

Gradah 

Gradus (F. C. 30066) 

Green (F. C. 29961) 

Green Scotch (F. C. 300(57) 
Greenville Nitrogen (F. C. 19003) 
Gregory (F. C. 29962) 

Grey Winter (F. C. 29963) 

Gyllen (P. 1. 137176) 

Hanford^s Canner (F. 0. 30068) 
Hangchow (F. C. 29964) 

Harrison Glory (F. O. 30009) 
Hawley’s Improved (F. C. 30070) 
Hero (P. I. 137177) 

Home Delight 
Horal (F. C. 30071) 

Horsford Market Garden. (F. C. 

30072) 

Hundredfold 

Kaiser (F. C. 29970; F. C. 30074) 
Killarney (F. C. 29969) 

Kron (P. I. 137178) 

Laxton Progress 
Lima (F. C. 29918) 

Lincoln (F. C. 31015) 

Little Gem (F. 0.30075) 

Little Marvel (F. C. 30076; F. C. 
30077) 

MacKay (F. C. 29971) 

Maple Pea (F. C. 29922; F. C. 
29920) 

Marchioness (F. C. 29972) 
Marcrosse (F. C. 29973) 

Marrow 

Marscot (F. C. 29974) 

Marvel 

Mash (F. C. 29975) 

May 

McAdoo 

McKay Blackeye (F. C. 22430} 
Merhalm 

Meyer (F. C. 29976) 

Minn. No. 95 (F. C. 29977) 
Multiplier (F. C. 29978; F. C. 
29979) 

Nelson (F. C. 29980) 

Ne Plus Ultra (F. C. 30080) 

New Canadian Beauty (F. C. 
29919) 

New Perfection (F. C. 29981) 
Nott’s Excelsior (F. C. 3C079) 
Gpenshaw (F. C. 29982) 

Ostgota Green (P. I. 137180) 
Gstgota Yellow (P. I. 137181) 
Ottawa (F. C. 30082) 

Papago Indian Pea 
Paragon (F*. C. 29083) 

Partridge (F. C. 20984) 
Peluskchka (F. C. 29985) 


V^arieties of Piaum sativum — Con. 
Pelusker (P. 1. 137182) 

Potter (F. C. 29086) 

Premah 

Premium Gem (F. C. 30086) 
Prince of Wales (F. C. 30087) 
Profusion (F. C. 30084) 

Recordah 
Red Pea 

Rice Extra Early (F. C. 30090) 
Rice No. 13 (F. C. 30088) 

Rice No. 300 (F. C. 30089) 

Rogers K 
Sabljas 

Sacton Progress (F. 30092) 

Sand Pea (F. C. 93979) 

Sato (F. C. 30091) 

Scarlet 

Scotch (F. C. 29987; F. C. 29988) 
Scotch Blue (I*. C. 29989) 

Senator (F. C. 30093) 

Shanghi (F. C. 299(K)) 

Smiley (F. C. 29991) 

Solo (P. I. 137183) 

Stratagem (F. C. 30094) 

Sugar Edible Podded 
Sunrise (F. C. 30095) 

Surprise (F. C. 30096) 

Sweet F’ield l*ea 

Tall Grey Sugar (F. C. 30097) 

Tall Telephone (F. C. 30C98) 
Telefon 

Thracian FHeld Pea 
Tom Thumb (F. C. 30099) 
Torsdag II (P. I. 137184) 
Victoria (F. C. 29993) 

Vida (F. C. 29904) 

V’s No. 2 (F. C. 29995) 

Walah 

Warshauer (F. C. 29996) 

Well wood (F. C. 20997) 

White Australian (F. C. 29998) 
White Canada (F. C. 22424; F. C. 
29999) 

Willett’s Wonder 
Windsor (P. I. 137121) 

Wisconsin Early Sweet (F. C. 
30103) 

Wisconsin Perfection (F. C. 
30105) 

Wisconsin Perien (F. C. 30104) 
World’s Pride (F. C. 30000) 
Wyoming Wonder (F. C. 3010G) 
Yellow Admiral (F. C. 30001) 
Unnamed strains of P. sativum: 

A--15 (Iraq) 

, A~16 (China) 

F. C. 30002 
F. C. 300a3 
F. C. 30004 
F. C. 30005 
F. C. 30107 
F. C. 30108 
F. C. 30129 
F. C. 80130 
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Unnamed attains of P. Boiivum — Con. 

F. a 30131 
P. a 30040 
F. C. 30641 
P. 0. 30642 
P. 0. 30869 
P. 0. 31480 
P. I. 19710 
P. I. 24262 
P. I. 92108 
P. I. 126672 
P. I. 125673 
P. I. 125839 
P, I. 125840 
P. I. 181883 
P. I. 131884 
P. I. 134271 
P. I. 134646 
P. I. 135920 
P. I. 137120 
P. I. 137122 
P. I. 137125 
P. I. 138945 
Wade’s N802-2-1 
Soil Conservation Service No. 20- 
489 


Unnamed strains of Pisutn s(q;>. : 
P. C. 30193 
P. I. 126841 
P. I. 141896 

Lots of seed with numbers only : * 
F. C. 60581 
P. 0. 60583 
P. C. 60888 
P. C. 60890 
P. C. 60901 
P. C. 60904 
P. O. 60905 
P. C. 60916 
F. C. 60922 
P. C. 60962 
P. C. 61761 
F. C. 62439 
P. C. 87979 
F. C. 87980 
P. C. 87983 
F. C. 90472 
P. C. 90474 
F. C. 90759 
F. C. 91192 
F. C. 93978 


^ 20 unnamed, unnumbered lots from different sources also tested. 

Three lots of Pisum elatim Stev. (P. 1. 120622, P, 1. 120629, and P. I. 
141891) were slightly resistant in the early stages of growth. The 
same was true of a wild species of Pistim from Turkey (probably also 
P. elatim^ F. C. 30199). Lathyrus tingitanus L. was moderately re- 
sistant, Z. sativus L. resistant, and Z. hirsutus L. immune. 

The fact that the strains of Pisum elontms were of the slow-growing 
type may partly explain their seeming resistance early in the season. 
Some plants of this species have been used in breeding experiments, 
and their progenies were tested over a period of several years. At 
present there is little evidence to support a conclusion that hybrids 
having P, elatius genes are any more resistant to Ascochyta 'pinodella 
and mycosphaeretla pinodes than others without them. In the present 
work it was necessary to obtain winter hardiness in a hybrid before it 
could be tested under field conditions. In order to breed winter hardi- 
ness into a line having P. elatius genes it was necessary to cross it and 
then backcross it with a winter-hardy variety. Even in such a cross a 
large proportion of the progeny was lost from freezing. In view of 
this complicating factor it may be desirable to explore the possibility 
of using this species as a source of germ plasm under other conditions. 

There is real resistance in the genus Lathyrus^ but all attempts to 
cross Lathyrus spp. with the Austrian Winter pea have failed. 


DISCUSSION ' 


It should be emphasized that the objective of the present study was 
to find a pea that is more' resistant than the Austrian Winter to As- 
cochyta pinodella and MycosphaereUa pmodes. Whether it would 
liave been practical, or for the present purpose desirable, to devise some 
method that might have made it possible to detect smaller differences 
IP resistance, if such exist, may be debatable. Certainly considerable 
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difference in resistance was evident early in the course of the experi- 
ments; some plants were killed before others, such as the Austrian 
Winter and some of the new lines developed by breeding, had suffered 
any appreciable damage. These seemingly more resistant types, how- 
ever, gradually succumbed as the season advanced, so that for the pur- 
pose of the present study there seemed to be little point in attempting 
to record these early differences. 

It is true that the methods used put the plants to a very severe test, 
because the time over which the plants were exposed to the action 
of the fungi was very long, namely about 6 or 7 months as compared 
with about 2^ months required for many of the summer-grown gar- 
den and canning peas to complete their life cycle. The types of pea 
that remained dormant or grew more slowly during the winter months 
suffered little from disease during that period, whereas those that 
grew more or less all winter were correspondingly more severely in- 
jured by the fungi early in the season. 

In general the writer’s results agree with those of other workers. 
Seal ® stated that he and Albrecht made a systematic search for species, 
subspecies, and varieties of Pisum and tested them for resistance to 
Mycosphaerella pinodes. So far as they could determine there was no 
marked difference in resistance to the fungi tested. After spending 
several years trying to develop a winter-hardy pea resistant to 
Ascochyta pinodella and M, vinodes^ Ogden ^ concluded that he had 
found no strain resistant to these fungi. Noll ® found that field peas 
(P. arvense) are more resistant to A. pinodella than are garden peas 
(P. sativum). Hare and Walker® tested 100 strains and varieties of 
P. sativum and concluded that no indication of practical tolerance to 
the ascochyta blight was found. Jones tested the resistance of a 
large number of varieties of garden peas to A. pinodella^ A. pisL and 
M. pinodes. He found no varieties immune from any of these lungi 
but listed the Admiral 17.78, Advancer, Badger Special, Badger 20.140, 
Champion of England, Horsford, and Perfection as only slightly sus- 
ceptible to M. pinodes and A. pisi. The Horsford Market Garden was 
the most resistant to all three of these fungi. 

Ascochyta pisi, as well as A. pinodella and Mycosphaerella pinodes, 
produces ascochyta blight of Pisum spp. Since the Austrian Winter 
variety appears to be highly resistant to A. pisi, however, this fungus 
was not used in the present studies. Although it did produce a few 
lesions on the leaves of susceptible varieties as a result of natural in- 
fection, these lesions were never numerous enough to interfere with 


• Seal, J. L. the mycosphaerella disease of winter peas, and diseases of 
WINTER PEAS AND VETCHES CAUSED BY ASCOCHYTA SPECIES. Ala. Agr. Expt. Sta. 

Ann. Rpt. (1937 ) 48 : 24-25. [1988.] 

^ Ogden, H. P. winter pea breeding. Tenn. Agr. Expt. Sta. Ann. Rpt. (1935) 
48: 11-12. [1936.] 

• Noll, W. OBER WEITERE BEFALLSYMPTOMB XTND MASSNAHMEN ZUR VERHt^TUNO 
VON SCHADEN DURCH ASCOCHYTA PINODEUA JONES, A. PISI LIB. tJND MYCOSPHAERELLA 
PINODES (BERK. u. BLox.) STONE BEi ERBSEN. Ztschr. f. Pflanzenkrank. 50: 
[49]-71, Ulus. 1940. 

• Hare, W. W., and Walker, J. C. ascochyta diseases of canning pea. Wis. 
Aot. Expt. Sta. Res. Bui. 150, 31 pp., Ulus. 1944. 

” Jokes, L. K. studies ^ nature and control of blight, leaf and pod 

SPOT, AND FOOTBOT OF PEAS CAUSED BY SPECIES OF ASCOCHYTA. N. Y. State Agr. 

Expt. sta. Bui. 547, 46 pp., Ulus. 1927. 
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note taking. Not all of the varieties listed as resistant to ascochyta 
blight by some writers were tested in the present investigations. It 
seems probable that such varieties as were tested failed to show resist- 
ance because of the severity of the method used and the long period 
over which the plants were exposed to the ravages of the disease. 

SUMMARY 

The results of 10 years of testing various varieties and strains of field 
and garden peas {Pisvm sativum^ have failed* to disclose the existence 
of a pea that possesses any appreciably greater degree of resistance to 
Ascochyta pinodella or Mycosphaerella pinodes than does the Austrian 
Winter under the conditions of the experiments. Over 160 named 
varieties and many numbered and unnamed lots, some from several 
different sources, were studied. Pisum elatius and a wild pea from 
Turkey (probably P. elatius or a close relative) appeared to possess 
some resistance under the conditions of the experiments. Whether this 
was due to a transmissible character seems doubtful, since progeny 
from crosses in which these peas were used as a parent failed to 3iow 
much if any increased resistance. 

The strain of Lathyrus hirsutus used proved to be immune from the 
fungi studied, that of Z. sativus was resistant, and that of L. tingitanus 
was moderately resistant. All attempts to cross these species of 
Lathyrus with the Austrian Winter pea failed. 
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POLLEN DEGENERATION IN MALESTERILE SUGAR 
BEETS, WITH SPEC^IAL REFEREN(^E TO THE TAP- 
ETAL PLASMODIT^M ‘ 

I5y ERxsr ARTst iiWACFii? 

Senior plant anatom isi, Divinion of Satjar Plant Invcsfipationx, Bureau of Plant 
Industry, Soils, and Ayrieuliural Enyinecring, Ayriculfural Rrseareh Admin- 
istration, United States Department of Agrieulture 

JNTUODrC'TlON 

Wlien male-sterility in siipir beets (Beta raUjans L. ) is cyto- 
plasmically inherited, completely male-sterile plants bear white, empty 
anthers. Nf)rmal pollen mother cells and normal microspores are pro- 
duced, but the microspores fail to develop fully and disintegrate by 
the time the flowers open. 

In the semi-male-sterile types, small, nonviable pollen grains are 
formed but the anthers usually do not dehisce. Sometimes viable 
pollen is produced by some branches of the infloi’escence, and occasion- 
ally white anthers and yellow ones are borne within the same flower (4). 

Pollen abortion, esjiecially in hybrids of jdants with different 
chromosome numbers, usually is the result of abnormal meiotic 
divisions; in sugar beets, however, the writer observed a different type 
of pollen degeneration in which the anthei* ta]>etum, tlirough the devel- 
opment of a plasmodium, jilays an important role. 

Tapetal plasmodia and less j)rominent forms of the same jdienome- 
non are not uncommon and may be regarded as normal in those plants 
in which they have been described (^), but as a pathological condition 
they seem to have been mentioned but once in literature (7 ) . In sugar 
lieets the tapetal plasmodium dominates the pathological ]>icture from 
its inception to the destruction of the microspores. 

MATEUIALS AND ]METnOI)S 

Terminal branches of sugar-beet inflorescences, fixed in Garnoy's 
fluid, were sent to the writer by F. V. Owen, of the United States 
Department of Agriculture Sugar Plant Laboratory, Salt Lake City, 
Utah. The material was taken from beets exhibiting cytoplasm icailly 
inherited male-sterility. For comparison, male-sterility not cyto- 
jilasmically inherited was also studied. The completely male-sterile 
and senii-male-sterile forms were derived by Owen ‘\lirectly or in- 
directly from the sugar-beet variety U. S. 1 . . . , which was the first 

of the curly -top-resistant sugar-beet varieties released by the United 
States Department of Agriculture” (4^ p. ^23), 


^ Received for publication February IB. 1047. 

* Italic numbers in iiarentheses refer to Literature Cited, p. 197. 
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The usual methods of dehydrating and embedding in paraffin were 
employed. The sections were cut 5/t to lOfi thick and stained with 
Heidenhain’s iron-alum haematoxylin and chromotrope. 

All photomicrographs were taken on Wratten M plates with B 58 
and E 22 filters used singly and in combination. 

THE ANTHER TAPBTUM DURING NORMAL MICROSPOROGENESIS 

Since microsporogenesis in normal sugar-beet flowers has been de- 
scribed in detail elsewhere (i)^ the discussion here will be limited to 
the behavior of the tapetum, which plays a major role in pollen abortion 
of male-sterile sugar beets. 

A cross section through a young anther lobe (pi. 1, A) shows a 
central strand of dark-staining primary sporogenous tissue sur- 
rounded by a series of parietal wall layers. The first periclinal division 
in the primary parietal cells gives rise to two layers (pi. 1, A), which 
divide once more in a periclinal fashion. The parietal tissue is com- 
posed of a tapetal layer, tw’o or more middle layers, and the endo- 
thecium, lying just beneath the epidermis. The cells of the endothe- 
cium enlarge late in ontogeny and develop the characteristic fibrous 
thickenings (pi. 1, /^), which are related to the dehiscence of the 
anther. 

Although thei’e is much controversy in literature concerning the 
origin of the tapetum, in sugar beets it api)ears to be derived from the 
inner parietal w^ill layer since the primary sporogenous tissue (pi. 1, 
A) is already well dinerentiated before the second periclinal division 
in the cells of the parietal tissue takes place. The cells of the young 
tapetum are nearly isodiametric (pi. 1, ^) . The single nucleus is large 
and almost fills the cell lumen. Beginning with synizesis, the tapetal 
cells enlarge radially and become binucleate (pi. 1, Each nucleus 
contains one large nucleolus and parietal or diffuse chi’omatin gran- 
ules. Some of the tapetal cells may contain compound nuclei (pL 1, 
67, />). The cytoplasm is very dense and stains more intensely than 
that of the pollen mother cells. 

The nuclei and cytoplasm of the tapetum indicate strongly a meta- 
bolic relation betw^een tapetum and developing microspores. This 
active phase is maintained throughout the two meiotic divisions and 
the liberation of the microspores from the tetrads. With the progres- 
sive enlargement of the anthers and the growth of the pollen grains, 
the tapetal cells become tangentially elongated, the nuclei undergo 
chromatolysis, and the nuclear substance mingles with the degener- 
ating cytoplasm (pi. 1, E ) . In anthers ready to dehisce the tapetum 
has completely disappeared or be seen as a pale narrow band 
lining the anther cavity (pi: 1, r). Eemains of small, shrunken 
nuclei may also be discerned. 

POLLEN ABORTION IN COMPLETELY MALE-STERILE SUGAR BEETS 

CYTOPLASMICALLY INHERITED TYPE ASSOCIATED WITH A TAPETAL 

PLASMODIUM 

In many of the lower plants and a number of angiosperms the walls 
of the tapetal cells break down and allow the protoplasts to coalesce 
and form a tapetal plasmodium (5). This flows in among the im- 
mature spores and contributes to the development of their coats. 




Normal inicrosporogenesis in sugar beet: A, Young anther lobe with central pri- 
mary sporogerious tissue and wall layers; B, older anther showing dilTerentia- 
tion of tapetum; C, binucleate tapetum during synizesis of xjollen mother cells; 
jD, binucleate tapetum during formation of tetrads; E, degenerating tapetum 
and pollen grains with thickened exine; Ef completely degeneiated tapetum, 
endothecium with wall thickenings, and mature pollen. X 850. an w, Anther 
wall ; end endothecium ; p m c, pollen mother cell ; p 1c, pollen tetrads ; 8p t, 
sporogenous tissue ; tap, tapetum. 
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Ji^arly stages of plasmodial development in anthers of cytoplasinleally inherited 
male-sterile sugar beets : A, Early stage in the development of perlplasmodium ; 
Jf, somewhat later stage with perlplasmodium making pseudopodiumlike in- 
cursions into anther cavity ; note large nuclei and vacuoles. X 850. mic, Micro- 
spores ; peri, periplasmodium. 
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In the nionocots investigated by Clausen {2) there are distinct types 
of plasniodial formations sufficiently different to have taxonomic im- 
portance. Jn many forms the tapetal cells, after the walls sejiarating 
them have been dissolved, make pseudopodiiimlike incursions into the 
anther cavity ; a common plasmodium that surrounds the pollen grains 
is finally formed. Embedded in the plasmodium are the nuclei of the 
tapetum. When the pollen grains have developed the exine, the jilas- 
ma of the plasmodium diminishes and the nuclei begin to degenerate; 
the cliromatin threads break up and become pale; and finally only 
pollen grains remain. 

A case of plasmodium formation in conne(‘tion witli pollen dc^genera- 
tion in Ranuneulus arris L. has been described by Whyte (7, />. 1S7). 
In the hermaphrodite normal plant there is a considerable interval in 
the reduction processes in anthers and ovules in a given llower. Where 
the reduction divisions occur almost- simultaneously, the tapetum in 
the anthers fails to function and cessation of pollen formation results. 
As a direct consequence, the cells of the ta})etuni ‘‘ . . . hitherto nor- 
mal . . . break apart leaving their usual situation along the wall of 
the pollen sac; coalescen(*e of several cells may then take place forming 
large plasniodial masses . . . the whole occu])ying in many instances 
the greater i)art of the pollen sac.” Here then is an instance Avhere a 
normally useful plasmodium causes irreparable injury to the iiollen. 

The cytology of lueiosis in male-sterile sugar beets agrees in every 
detail with that in normal sugar beets. The young mit*rospores may 
still be as.sociated in the tetrads when the cells of the tapetum begin to 
behave in an abnormal manner. The boundaries of the tapetal cells 
bleak down, and the contents How together to form a ])eri])lasmodiuin 
(1)1.2, A). 

From its early development to its degeneration the cytoplasm of the 
plasmodium is very dense and contains conspicuous vacuoles. The 
nuclei are large (pi. 2, B) and often are bunched in gi*eat numbers 
Vpl. ^1, A), suggesting an increase over the number present in the 
original cellular tapetum. The nuclei are round, narrow oval, or some- 
times lobed. Most of them contain one large nucleolus and peripheral 
chromatin granules of various sizes. Some nuclei appear definitely 
compound, containing two or three large nucleoli. 

Most of the young microspores apj)ear normal. Each microspore 
has a large nucleus embedded in dense cytoplasm which, perhaps as 
a result of fixation, is slightly shrunken away from the s])ore wall (pi. 
2, /f ) . There is a single large nucleolus. In some of the dark-staining 
microspores there may also be seen large chromatin granules resem- 
bling typical chromo(!enters. Some of the microsj)ores have become 
pycnotic and stain black. In a few of these a dark-staining nucleus 
containing large chromatin granules is discernible under intense 
illumination. The spore wall is very thin, and it fails to thicken even 
late in ontogeny. Some microspores are represented by spore mem- 
branes only, all cell contents having disappeared. 

The plasmodial jacket increases in width unequally. Here and 
there it bulges prominently into the anther cavity (pi. 2, B), These 
broad pseudopodiiimlike incursions never become detached from the 
main jacket and never surround the microspores as they do in plants 
in which the appearance of a plasmodium is considered a part of 
normal microgenesis. 
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With the growth of the plasmodium the microspores are crowded 
into the narrowing lumen of the anther (pi. 3, J.), So far there has 
been no noticeable structural change within the microspores except 
that additional ones have become pycnotic. There is no increase in 
thickness of the spore membrane. 

After the plasmodium has attained maximum development, it be- 
gins to degenerate. The cytoplasm is first affected. It becomes 
coarsely alveolar (pi. 3, i/) and then stringy (pi. 4, 5). In its alveolar 
state it stains rather light; but later it retains the stain more tena- 
ciously (pi. 4, 4), and the cytoplasmic strands finally stain black (pi. 
4, li). The large nuclei of the plasmodium are at first little affected 
(pi. 3, i?}, but with increased destruction of the cytoplasm they also 
exhibit signs of degeneration. At the beginning there is an increase 
in the number of peripheral chromatin granules in the nucleus and a 
deeper staining reaction (pi. 4, J.), but they retain a certain degree 
of organization even after the complete disorganization of the cyto- 
plasm. 

According to Kostoff (^), evidently only the cytoplasm possesses 
the ability of self -regulation, being able to extract foreign substances 
and those not of immediate use and to deposit them in vacuoles. The 
nucleus is always more susce])tible to foreign agents, and it is killed 
by poison before the cytoplasm is irreparably injured. When the plas- 
modium in male-sterile sugar beets is in its ascendancy, the large 
vacuoles, which are a notable feature of the organization of the plas- 
modium (pi. 2, J5), may be places of stora^^e for exctess waste products 
lesulting from unusual metabolic activities. These waste products 
may be released with the advent of plasmodial degeneration and may 
hasten the destructive processes wdiich begin after the peak of plas- 
-modial develojiment has been reached. According to Kostoff, one 
would expect an early destruction of the nuclei, but the cytoplasm de- 
teriorates before there are recognizable pathological changes in most 
of the nuclei. Nevertheless it seems that with the disap])earance of 
the protecting vacuoles the cytoplasm would become more susceptible 
than the nuclei. 

The microspores continue to show little damage even though they 
become increasingly compressed and in their entirety take on a honey- 
comb structure (pi. 5). With the complete disintegration of the 
plasmodium the microspores are finally destroyed. The anther cavity 
becomes empty except for a strand of blackened matter, which oc- 
casionally still shows evidence of cellular structure. 

CYTOPLASMICALLY INHERITED TYPE ASSOCIATED WITH A CELLULAR 

TAPETUM 

Pollen abortion not associated with a tapetal plasmodium frequently 
occurs; but while the flowers of a cluster may exhibit both types of 
degeneration, witliin a given flower only one type prevails. 

In cases not involving a plasmodium, the tapetum remains cellular. 
It forms either a narrow lining (pi. 5, i?) in which the individual 

cells may be stretched tangentially (pi. 5, B) or a very broad jacket 
witli the cells meeting almost in the center. The former type is more 
common. Under low magnification the anther cavity appears large, 
round, and partly filled with microspores in various stages of degenera- 
tion (pi. 5, C) . The tapetal cells are completely filled with fine gran- 
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Comparative stages of plasmodial development in anthers of cytoplasm ica II. v 
inherited male-sterile sugar beets. A, Periplasmodium at peak of develop- 
ment; note that some of the microspores are normal, while others are de- 
generate. X 450. By Degeneration of plasinodium more advanced in the left 
anther lobe tlian in the right one. X 385. miv, Microspores; peri, periplas- 
modium. 
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Advanced stages in degeneration of plasiiiodiiiin in eytoplasmically inherited 
male-sterile sugar beets. A, Degeneral iofi in anther plasmodiiim ; note that 
some of the plasmodial nuclei stain black and that the microspores in the 
center are compressed in such a way as to resemble a honeycomb cellular 
structure. B, Final stage in degeneration of plasmodium ; the cytoplasm has 
become stringy, the nuclei are disorganized and black, and the microspores 
in the center are compressed. X 850. mic, Microspores ; peri, perlplasmodiuni. 
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Pollen degeneration in noncytoplasmlcally inherited male-sterile sugar beets: 
A, Anther with cellular tapetum and fully developed endothecium; B, Anther 
with tapetum and pollen completely degenerated. X 850. end, Endothecium ; 
mic, mjerospores ; tap, tapetum. 
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ular cytoplasm, in which the nuclei are barely discerinl)le. Vacuoles, 
which are a prominent feature of the plasmodium, are wanting?. The 
nuclei are small or medium large and usually compressed tangentially 
(pi. 5, i9). The tapetal cells at the ends of the anther are shorter, and 
the nuclei are larger and almost spherical. Most nuclei have a very 
large nucleolus and a varying number of chromatin granules; som*e 
have several nucleoli and are definitely compound (pi. 5, A), 

Some of the young microspores api)ear normal and look like those 
developing in association with the periplasmodium, but the majority 
have become j)ycnotic and stain black (pi. 5, B, C). 

Degeneration of the microsporcs begins rather early, sometimes be- 
fore they are liberated from the tetrads (pi. 5, .1). The affected mi- 
crospores, including those still in tetrads, are completely black, but 
under intense illumination a nucleus is still discernible in some of 
them. The outer margin of the blackened microspore is finely serrate 
or prickly and slightly retracted from the thin, hyaline spore wall. 

Progressive degeneration of nuclei and cytoplasm in the tapetal cells 
is like that observed in normal microgenesis, so that it is diflicult to 
ascribe to the tapetum any harmful influence on the developing micro- 
spores. But whatever the cause is, the effect is swift and lethal and 
t here are seldom hit ermediate stages. Death often overtakes t he spores 
while they are still in the tetrads, and thos-e that are affected later show 
little or no growth. The cells of the endothe(*ium remain small and 
fail to develop the characteristic wall thickenings. 

NONCYTOPLASMICALLY INHERITED TYPE OF MALE-STERILITY 

Anthers from male-sterile plants of the noncytoplasmically inher- 
ited type develop the endothecium normally (pi. (>), probably because 
degeneration of the microspores is initiated later in ontogeny and pro- 
ceeds more slowly so that the anther wall has had no time to mature. 
The tapetum of such anthers always remains cellular, but the cells 
composing it enlarge greatly (pi. fi, A), The microspores enlarge 
slightly and even develop a thin exine. Cytoplasm and nuclei stain 
weakly and show signs of degeneration. In some microspores the con- 
tents are blackened and contracted into a spherical mass. At a later 
stage the anthers collapse; the anther cavity ap])ears empty except 
for a dark strand of disintegrating microspo'res (pi. 6 , B), 

POLLEN DEGENERATION IN SBMI-MALE-STERILE SUGAR BEETS 

According to Owen (^), the semi -male-sterile types apparently 
carry the same type of cytoplasm as that carried by comjiletely male- 
sterile sugar beets, but their apjiearance is modified by one (Jr more 
Mendelian factors. Environmental conditions have a marked in- 
fluence on the expression of the semi-male-sterile condition, and classi- 
fication for degree of semi-male-sterility may be subject to consider- 
able variation. 

A characteristic feature of pollen sterility in semi -male-sterile sugar 
beets is the lack of uniformity in the pathological picture even within 
a single flower (pi. 7, A ) . Some anthers are affecteci so completely that 
even the anther wall is destroyed, whereas others of the same flower 
are almost normal. In some anthers the tapetal cells have enlarged 
radially so greatly as to occlude the anther cavity. These cells 
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(pi. 7, 5) have in the cytoplasm large, round nuclei and vacuoles like 
those of the periplasmodium. This type of tapetum is sometimes uni- 
lateral, prominent on one side and completely lacking or underdevel- 
oi^ed on the other. The microspores within such anthers show various 
stages of degeneration from a nearly normal condition to advanced 
pycnosis. 

The anthers of niany flowers appear normal except that the pollen 
grains, though uniform, are relatively small. Pollen grains in others 
approach normal size, but many of them are diseased (pi. 7, C), 
Plasmodia appai*ently are not formed in anthers of semi-male- 
sterile sugar beets, but tlie large nuclei and cytoplasmic vacuoles in the 
radially elongated tapetal cells closely resemble those of the plas- 
modium. 

DISCUSSION 

What are the causative factors in the development of the peri- 
plasmodium and why is it restricted to sugar beets that exhibit cyto- 
plasmically inherited male-sterility? Tlie cytology of the young 
plasmodium suggests liypernietabolic activity, but not to the l)enefit 
of the developing microspores. The plasmodium seems to develop with 
structural continuity even though it makes pseudopodiumlike incur- 
sions into the anther cavity. What causes the precipitous catabolism 
after a developmental peak is attained is a moot miestion. It may be 
exhaustion of food and nutrient reserves or a sudden release of meta- 
bolic waste products presumably stored in the large vacuoles. Degen- 
eration processes are more noticeable here than in normal plasmodia 
that hel]) nourish the microspores and are themselves finally absoihed. 

Still more puzzling is the question of selectivity which incites or 
inhibits the development of the plasmodium in different flowers of the 
same plant or the same flower cluster. Quite likely small inner 
environmental influences suffice to establish the choice, and once the 
impetus is given it carries on under its own momentum. 

TIjc anther plasmodium may [)rove to be a valuable tool in the 
elucidation of cytoj)lasniic inheritance in its i)ure form or in associa- 
tion with Menclelian factors, especially if used on genetic material 
grown in a coiilrolled environment. 

SUMMARY 

Pollen abortion in anthers of sugar beets with cytoplasmic.ally 
inherited male-sterility is associated with either a periplasmodium or 
a cellular tapetum. Both types may occur within a flower cluster 
but not within a single flower. The presence of a plasmodium some- 
what delays pollen abortion, but where the tapetum remains cellular 
some microspores are destroyed while gtill in tetrads and there are 
seldom intermediate stages of significant duration. 

The anatomical picture of pollen degeneration in semi-male-sterile 

EXPLANATORY LEGEND FOR PLATE 7 

Pollen degeneration in cytoplasmically inherited seml-male-sterlle sugar beets. 
A, Cross section of flower; note that both contents and anther wall of one 
anther are completely destroyed. X 90. R, Cross section of an anther showing 
the circle of hypertrophied tai>etal c^ells enclosing a few degenerated micro- 
spores in center. X 850. C, Diseased, black-staining pollen grains and normal 
ones side by side in the same anther. X 850. evtd, Endothecium; mic, micro- 
spores; tap, tapetum. 
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sugar beets shows much variation and departs considerably from that 
exhibited by the completely male-sterile forms. The effect is at once 
severe and localized, involving at times botli microspores and anther 
wall. A plasmodium never develops, although the cells of the tapetum 
become hypertrophied and may fill the anther cavity. Such hyper- 
trophied cells have large nuclei and vacuoles like those in the peri- 
plasmodium. 

In anthers from male-sterile sugar beets of the noncytoplasm icallv 
inherited type degeneration of the microsi)OT*es seems to be delayed. 
Here the anthers, while showing only blackened contents, have a 
mature endothecium with fibrous wall thickenings well developed. 
The tapeturn remains cellular. The cells composing it enlarge greatly, 
but they disintegrate at the time the microspores are destroyed. 
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GROWTH RESPONSES OF TOBACCO SEEDLINGS IN ASEP- 
TIC CULTURE TO DIFFUSATES OF SOME COMMON 
SOIL BACTERIA* 


By Robeut a. Steinbek(! - 

Physiologist, Division of Tobacco, Medicinal, and Special Crops, Bureau of Plant 

Industry, Soils, and Agricultural Engineering, Agricultural Research Administra- 
tion, United States Department of Agriculture 

INTRODUCTION 

The conditions that cause the development of symptoms of french- 
ing in tobacco [Nicotiana tahacum L.) plants arc' unknown. Low 
nitrogen, ^ low acidity, and excessive moisture ^ have at times been 
held to be contributing factors. Nevertheless soil from fields of 
severely frenched plants was often incapable of producing this 
morphologic.al abnormality in the greenhouse'. Abnormal plants 
transplanted to fresh soil almost always resume normal growth. The 
disorder is nontransmissible. Spencer® and others have therefore' 
suggested that a labile organic substance (toxin) sometimes prese'iit 
in soils may be the causative agent in this disease. 

Bacterial interrelations' as revealed through studies with anti- 
biotics seem to indicate the possibility that similar elifl‘usate's capable' 
of a direct action on plants may also accumulate in soil under certain 
conditions. Data published by the writer ® ^ afford eliree't evidence 
that low cone'cntrations of an organic, substance, the amino acid (U- 
isoleucine, in contact with the roots of tobacco seeellings in aseptic 
cultures may bring about morphological abnormali tie's resembling 
those of frenching. 

The present studies were therefore undertaken to dete'rmine whether 
any of the more common species of soil bae^teria form diffusates 
capable of causing abnormal alterations in gross ine)rphology of 
tobacco plants. The seedlings were aseptically grown in a constant 
environment. The growth medium selected was a slightly acid mineral 
agar containing a trace of Bacto-peptone. With or without sucrose 

^ Received for publication January 16, 1947. 

2 The writer wislies to express his appreciation for the courtesy shown him })v 
N. R. Smith, Division of Soils, Fertilizers, and Irrigation, Bureau of Plant In 
dustry, Soils, and Agricultural Engineering, who selected and furnished cultures 
of all the bacteria used. 

® Valle A u, W. D., and Johnson, E. M. tobacco frenchino — \ nitrogen 
DEFICIENCY DISEASE. Ky. Agr. Expt. Sta. Bui. 281, pp. 175-253, illus. 1927. 

^ Karraker, P. E., and Bortner, C. PI. studies of frenchino of tobacco. 
Ky. Agr. Expt. Sta. Bui. 349, pp. 61-109, illus. 1934. 

® Spencer, E. L. studies on frenching of tobacco. Phytopathology 25: 
1067-1084, illus. 1935. 

® Steinberg, R. A. a “frenching” response of tobacco seedlings to 
ISOLBUCINB. Science 103: 329^-330. 1946. 

^Steinberg, R. A. growth responses to" organic compounds by tobacco 
SEEDLINGS IN ASEPTIC CULTURE. Jour. Agr. Res. 75: 81-92, illus. 1947. 
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this medium was very favorable for CTOwth of tobacco seedlings, but 
unfavorable for the development of the bacteria studied. 

EXPERIMENTAL PROCEDURES 

Seedlings of Xanthi Turkish tobacco were grown aseptically on 
50 cc. of a mineral agar of pH 5.5 containing 200 p. p. m. of Bacto- 

E eptone in 200-cc. Erlenmeyer flasks at 25° C. in continuous light. 

Ilumination of about 500 foot-candles was furnished by 3,500° white 
fluorescent lamps. Other details of the procedure have been given 
in a previous publication.® 

Bacterial inoculation of aseptic cultures was made with a straight, 
sharpened needle, the stab being located % to 1% inches from the 
stem of the seedling. The age of the seedlings at the time of inocu- 
lation varied, the range being about 3 to 7 days. 

GROWTH RESPONSES TO VARIOUS BACTERIAL SPECIES 

The abnormalities in form of Xanthi Turkish tobacco seedlings 
grown in flasks inoculated with 27 species of bacteria are tabulated in 
table 1. Inoculations were made 1 inch from stems of seedlings in 
aseptic culture 1 week after the plant was inserted. Plants were 
harvested 3 weeks later. Of the 30 bacterial cultures 19 form nitrite 
from nitrate; 2 of the organisms, Erwinia carotovora and Phytomonas 
tumeJacienSf are plant pathogens. Two strains each of Agrobacterium 
radiohacter, Escherichia coli, and Pseudomonas fluorescens are also 
included. 

Abnormalities in growth of tobacco seedlings were caused by 10 of 
the 25 non pathogenic species of bacteria in the absence of sucrose. 
Erwinia carotovora also brought about abnormalities in gross 
morphology. Symptoms with various species differed as a rule, but 
not always. Those with Bacillus cereus and Erwinia carotovora 
appeared identical. On the other hand, one strain of Agrobacterium 
radiobacter produced symptoms of injury in tobacco buttheotherdidnot. 
Symptoms included narrow, strap, cupped, rim-bound, and rim- 
rolled leaves q-nd chlorosis and epinasty. Cupped and rim-bound 
leaves might be concave up or down. Chlorosis varied from general 
to reticular and gave some induration of association with the capacity 
for nitrite formation from nitrate by bacteria. Chlorosis did not 
occur as frequently with bacteria incapable of forming nitrite. The 
addition of 2 percent of sucrose to the medium led to a loss in ^*hor- 
monoid^^ ® action in 7 species of bacteria and a gain in 3 species. In 
no instance did the seedlings show any indication of root injury, nor 
were the bacterial colonies in. actual contact with the roots. 

* See footnote 7, p. 199. 

® A hormone is defined as an organic compound formed by an organism that 
serves to regulate its cellular interrelations. The chemical compounds in the 
diffusates from these bacteria may or may not be identical in composition with 
those having a similar action in the tobacco plant. Pending proof of identity, 
the use of the term ^^hormonoid^' (hormonelike) is suggested. The synthetic 
growth-regulating substances would fall into this category. 



Oct. 1 , 15, 1947 Growth Responses of Tobacco Seedlings 


201 


Table -^Symptoms of injury shown by Xanthi Turkish tobacco seedlings grown 
in aseptic cultures inoculated with 25 nonpathogenic soil bacteria and 2 phytO” 
pathogenic bacteria 


ISefedlings grown for 3 to 7 days In aseptic cultures before they were Inoculated; discarded when about 

4 weeks old] 


Cul- 

ture 

Organism 


Nitrite 

Symptoms produced when 

No. 

Name 

Strain 

No.> 

duced 2 

Sucrose absent 

Sucrose prestmt 

1 

Aerobacter aerogenes (Kruse) 

104-48 

+ 

Reticular chlorosis 

Reticular chlorosis. 


Beijer. 





2 

Aerobacter cloacae (Jordan) 

108-98 

+ 

W hiU^leaves; dwarfed plants. 



Bergcy et al. 





3 

Agrobacterium radiobacter 

96-433] 

0 




(Beijer. and Van Deldcn) 
Borgey ct al. 





4 

do - 

98-189 

+ 

Ix'af-tip chlorosis, dwarfed 






plants 


5 

Bacillus brev*s Mig 

761 

i 4- 



fi 

Bac Uuscereus Franklandand 

342] 

1 -f 

Reti 'Ulated (chlorosis) 



Frankland. 



and scalloped strap 






leaves. 


7 

Bacillus circulans Jordan 

368 

-f 



8 

Bacillus megatherium D By.. 

343] 

0 



d 

Bacillus pumtlus Oottheil 

272 

0 

Dark, narrow, down-<*up- 






I)ed leaves with uprolled 






rims. 


10 

Bacillus Sphaericus Neide. . . 

348] 

0 



11 

Bacillus «uMi/f«Cohn emend. 

231 

+ 


I Jght-green, d warfed 


Prazmowski. 




plant. 

12 

Bacterium denurificans Loh- 

100-12] 

-f 




mann and Neumann. 





13 

Bacterium globiform Conn 

168-110 

? 



14 

Chromobacterium violacevm 

114-lOJl 

+ 


Very faint mottle. 


(Schroet.) Bergonzini. 





16 

Corynebactertum simplex Jens 

140-47 

? 

L<*af epinasty, rirn ui)rolI, 

Leaf epinasty; 





terminal bud killed 

down- cupped 






leaves. 

16 

Corynebacterium tumescens 

141-46 

? 

Dark, narrow, down-cup- 



Jens. 



iwd leaves with uprolled 






rims. 


17 

Erwinia carotovora (L. R. 

171-120 

+ 

Reticulated (chlorosis) and 



Jones) Holland. 



scalloiH'd strap leaves. 


18 

Escherichia coli (Mig.) Ca.s- 

102-80 

+ 

White leaves and bud; 



tellani and Chalmers. 



dwarfed plant. 


19 

--- do 

107-201 

+ 

Reticular chlorosis 


20 

Micrococcus Ivleus (Schroet.) 

101-244 

-f 




Cohn 





21 

Phytomonas tumefaciens (E. 

172-102 

? 




F. Sin. and Town.) Bergey 






et al. 





22 

Proteus vulgaris Hauser 

1354-44 

+ 



23 

Pseudomonas aeruginosa 

110-98 

+ 

White leaves and bud; 

General chlorosis. 


(Schroet.) Mig. 



dwarfed plant. 


24 

Pseudomtmas fluorescens Mig 

74-210 

f 




25 

do 

112-277 

-f 


White leaves and 






bud, dwarfed 






plant. 

26 

Pseudomonas ovalis Chester 

77-180 

0 



27 

Pseudomonas schuylkiUiensis 

76-180 

(1 




Chester. 





28 

Sarcina ^ava D By 

68-178 

0 



29 

Serratia lactorubefaciens (Gru- 

139-60 

4* 




ber) Bergey et al. 





30 

Serratia mareescens Bizio 

176-265 

4- 

Reticular chlorosis. 

Mottled. 


> Number of N. R. Smith, Division of Soils, Fertilizers, and Irrigations. 
3 Data furnished by N. R. Smith. 
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The types of morphological abnormalities resulting from diffusates 
from bacterial colonies are illustrated in figures 1 to 4. A frenchin^- 
like reticular chlorosis due to the presence of Serratia marcescens is 
shown in figure 1, epinasty associated with Corynebacterium simplex 
in figure 1, B; chlorosis associated with Aerohacter aerogenes and re- 
sembling that caused by iron deficiency in figure 1 , (7. The seedlings 
inoculated with Aerohacter aerogenes ffig. 2, Jl), Corynehacterium sim- 
plex (fig. 2, B)j and Pseudomonas aeruginosa (fig. 2, C) illustrate symp- 
toms obtained in the presence of sucross, namely, yellow bud, epinasty, 
and a uniform, minus-sulfur type of chlorosis. 

Figure 3 shows cultures inoculated with Corynehacterium turnescens 
(A)f Erwinia carotovora (J9), and Bacillus cereus (f7), respectively. 
The first (.A) shows epinasty and long, narrow leaves, whereas the 
symptoms with E. carotovora and B, cereus arc almost identical in 
appearance. The last two show a well-defined, reticular chlorosis and 
narrow strap leaves with lobed or scalloped edges. The appearance 
of reticular chlorosis preceded that of strap leaves. 

Cultures inoculated with Bacillus pumilvs (No. 272) are shown in 
figure 4. No sucrose was added to tne flask illustrated in but that 
in B contained 2 percent of sucrose. Inoculation took place after 3 
days’ growth of the seedlings and at the very margins of the agar. 
Epinasty, marginal leaf roll, narrow leaf, and cupped leaf are visible. 

GROWTH RESPONSES TO VARIOUS STRAINS OF 
BACILLUS PUMILUS 

Further tests were made with 29 strains of Bacillus pumilus to 
determine the range of symptoms to be expected in a single species. 
The symptoms obtained in these tests, which were made in the absence 
.of sucrose, are listed in table 2. Eighteen of the strains led to no 


Table 2. — Variations in symptoms of abnormality in Xanthi Turkish tobacco 
with different strains of Bacillus pumilus after 2H days* growth ^ 


Culture 

No. 

Strain 

No. 

Symptoms of injury 

1 

A21 


2 

A32 



A35 

Kpinasty; concave-up leaves with marginal uproll, short stem. 

Epinasty, narrow leaves with marginal uproll, tall stem. 

4 

A 170 

fi 

A664 

Dark, narrow, hooked leaves with marginal uproll and concave-down leaves. 

6 

A704 

7 

236 

Narrow, concave-down lt*avp.s with marginal uproll. 

8 

266 

Narrow leaves with marginal uproll; tall stem. 

9 

307 

Epinasty; concave-tiown leaves with marginal uproll. 

10 

331 

Narrow leaves with marginal uproll; tall stems. 

11 

333 

Epinasty; concave down leaves; short stem. 

12 

334 

13 

345 

Keticular chlorosis. 

14 

355 


Ifi 

676 

* 

16 

677 


17 

620 


18 

629 


19 

630 


20 

21 

22 

637 

657 

706 

Leaves with marginal uproll. 

23 

707 


24 

724 


25 

725 


26 

734 

Retarded growth. 

27 

736 

28 

788 


29 

1034 



1 Flasks inoculated on extreme periphery when seedlings were 3 days old. 
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Figure 2. — Seedlings of Xanthi Turkish tobacco in aseptic culture with 2 percent 
of sucrose after inoculation of agar 1 inch from stems with nonpathogen ic soil 
bacteria: yl, Aerobacter aerogenes; Corynebacieriurn simplex; C, Pseudomonas 
aeruginosa. Note yellow bud in cupped leaves wdth uprolled rims in and 
whiteness of plant in C. 







Figure 3. — Seedlings of Xanthi Turkish tobacco in aseptic culture after inocula- 
tion of agar at margin with various bacteria: Corynehacterium tumescens; 

Erwinta carolovora; C, Bacillus cereus. Note narrow leaves and epinasty in A 
and reticular chlorosis and scalloped strap leaves in B and C. 


symptoms of abnormality in the seedlings. Some seedlings in inocu- 
lated flasks appeared even more vigorous than the controls. Symp- 
toms associated with the other 11 strains ranged from simple re- 
tarded growth to epinasty, concave-up leaves with marginal uproll, 
and short stem. Intermediate abnormalities included these symptoms 
in varying proportion, or certain symptoms were absent. Keticular 
chlorosis only was associated with 1 strain and marginal uproll alone 
with another. 

DISCUSSION 


The number of nonpathogenic bacterial strains in soils is probably 
exceedingly great. A discussion of hormonoid actions brought about 
by their difFusates based on studies with less than 60 strains must 
therefore necessarily be limited in scope. The data suffice, however, 
to demonstrate in a conclusive manner that such hormonoid effects 
on tobacco can take place under appropriate (?onditions with bacterial 
species of general occurrence. Isolation and study of these compounds 
of bacterial activities may well prove of importance in many respects. 

It was found in miscellaneous unreported experiments that the 
extent of the alterations in form of seedlings seemed to increase with 
nearness of the point of inoculation of the agar to the stem and the 
number of inoculations. Other known factors were sizejiof seedling 
and the presence or absence of sucrose. Sometimes, however, severity 
of symptoms varied for no known reason, as in flasks inoculated with 
Serratia marcescens. Reproduction of sj^mptoms occurred regularly 
with Corynehacterium simplex and Bacillus pumilus. The type of 
hormonoid action was not entirely specific for any one species, but 
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Figure 4. — Seedlings of Xanthi Turkish tobacco in aseptic culture after inocula- 
tion of agar at margin with Bdcillus pumilus (No. 272): A, Without sucrose; 7?, 
with sucrose. Note epinasty and death of terminal bud in A and epinasty and 
narrow, hooked, rim-rolled leaves in B. 

appeared to vary with the strain. In one instance Erwinia carofovora 
and Bacillus cereus produced identical sympton 7 s. 

Growth of the bacteria used was usually limited to the inoculation 
stab and did not appear to interfere with root growth. As a rule, 
bacterial growth was very scant and the colony was difficult to locate 
on the unfavorable medium employed. The roots in all cases appeared 
normal. In many instances morphological abnormalities appeared 
in the seedlings when no roots were in the immediate vicinity of the 
bacterial colony. 

Proof of the existence of hormonoid responses to bacterial activity 
in the soil is regarded as an important consideration in elucidation of 
the cause of frenching in tobacco plants. The basic cause of this 
profound change in morphology in field plants is unknown, although 
the alteration is no greater than that effected by soluble metabolic 
products of some of the bacteria observed in aseptic culture. It 
might therefore be surmised that frenching is due to a similar action of 
metabolites from one or more bacterial forms. Hormonoid accymula- 
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tion in soil probably requires specific environmental conditions. As 
already mentioned a close approximation of the symptoms of 
french ing can be obtained with rfWsoleucine. 

SUMMARY 

Xanthi Turkish tobacco seedlings were grown aseptically on 50 
cc. of a mineral-agar solution containing 200 p. p. m. of Bacto-peptone 
in 200-cc. Erlcnmeyer flasks at 25° C. with 500 foot-candles of con- 
tinuous light. Inoculations (stab) of the agar at a distance from the 
stems of the seedlings with about 60 species and strains of presumabl}^ 
nonpathogenic soil bacteria led in several cases to alterations in gross 
morphology of the seedlings. These hormonoid efTects included 
various types of chlorosis that simulated various mineral deficiencies, 
epinasty, cupped, narrow, and strap leaves, and leaves with lobes, 
hooked tips, and rim roll. Symptoms of abnormality weie correlated 
with distance and number of bacterial colonies, age of seedlings, and 
bacterial strain. An analogy is drawn between the hormonoid effects 
of the diffusates from certain common soil bacteria and those obtained 
in frenching of tobac(‘o. 

See footnote 7, p. 199. 



USE OF LANOLIN AND OTHER UNGUENTS FOR IMPROV- 
ING BUDDING IN HEVEA RUBBERTREES ‘ 


By John H. Heuer, formerly chief scientific aid. Division of Rubber Plant Investiga- 
tions^ and H. F. Loomis, senior agronomist, Division of Plant Exploration and 

Introduction, Bureau of Plant Industry, Soils, and Agricultural Engineering^ 

Agricultural Research Administration, United States Department of Agriculture 

INTRODUCTION 

In a program of top working mature trees of Para rubber (llevea 
hrasUiensis (H. B. K.) Muell. Arg.) at the United States Plant Intro- 
duction Garden, Coconut Grove, Fla., considerable difficulty was 
encountered in finding a satisfactory dressing for treating wounds 
made by the removal of large branches or of the entire heads of trc^c^s. 
Success reported for the use of lanolin ^ for the treatment of wounds 
of oaks led in 1945 to trials of the mat(‘rial on Hevea wounds. At this 
Garden Hevea is grown on th(» deeper areas of soil tentatively referred 
to as part of the Rockdale series.^ 

USE OF LANOLIN MIXTURE ON TREE WOUNDS 

V. 

Direct application of lanolin to wounds on llevea rubbertrees in full 
sun proved unsatisfactory as the lanolin quii^kly melted and ran down 
the treated branches or was ^eatly absorbed by the wood or the 
adjacent bark. To overcome this difficulty beeswax was added to the 
lanolin in equal parts. This combination was stiffer than lanolin and 
had to be applied with a brush after being melted in a grafting-wax 
pot. Even this mixture had a tendency to run on very hot, sunny 
days and to crack somewhat on cool days. An improvement was 
made by coating the wound with the lanolin-beeswax mixture and 
over this applying one or tw^o thicknesses of cheesecloth, which were 
then covered with the mixture. The cheesecloth held the mixture in 
place, prevented cracking, and prolonged the sealing effect. The 
exposed wood of wounds treated in this manner did not become dis- 
colored, as the mixture apparently excluded attacking fungi, and 
cambial growth was much more rapid than on untreated wounds or 
on those treated with ordinary paint or several of th(' asphalt-base 
wound paints. 

' Received for publication November 22, 1946. 

* United Stater Forest Service Allegheny Forest Experiment Station. 
QUICK HEALING OP TREE WOUNDS. Allegheny Forest Expt. Sta. Ann. Rpt. 1943, 
pp. [24] -[25], illus. 1943. [Processed.] | Review in Horticulture 22: 293. 1944.] 

* Henderson, J. R. the soils of Florida. Fla. Agr. Expt. Sta. Bui. 334, 67 
pp., illus. 1939. On p. 54 of this bulletin the Rockdale series is described as 

oolitic limestone with numerous small surface cavities filled with red or reddish- 
brown sandy loams and silt loams or gray to grayish-brown sands to loamy sands. 
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USE OF LANOLIN MIXTURE ON TOP-WORK BUDDINGS 

The fact that lanolin protected or stimulated the cambium of 
wounds on rubbertrees and preserved the wood suggested the possi- 
bility that it might also be of benefit in budding operations in tievea 
nurseries or in top working mature trees. In Hevea nurseries many 
budders have observed that high percentages of buds that seemingly 
were in excellent condition when unwrapped died during the succeed- 
ing 1- or 2-week interval before the tops of the stock plants above them 
were cut off to force the dormant buds into growth. Experience in 



Figure 1. — A, Untreated budding of Hevea rubbertree, 8 days after being un- 
wrapped. Note that the exposed cambium surrounding the bud patch is dead 
and the wood weathered and discolored; although the bud patch is in good 
condition, it was dead when examined 12 days later. B, Bud patch and panel, 
8 days after being unwrappd and treated with 3 : 1 lanolin-beeswax mixture. 
Note that the bud patch is in good condition and that the surrounding cambium 
on the panel has survived. X about 1. 
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the American Tropics has shown that such losses may be as high as 
75 percent. 

As a preliminary step in determining the effect of lanolin on bud 
survival after unwrapping, several buds were top worked in large trees. 
On opening, half of the bud patches and the surrounding exposed 
cambium on the stocks were smeared with a mixture of 3 parts of 
lanolin and 1 part ofj beeswax, jwhich was soft enough at air tem- 
perature for application with a finger. The other buds in the test were 
left untreated. During .almost daily examinations that followed the 
unwrapping of the buds it was observed that when the buds were 
treated there was no discoloration of the cambial tissue surrounding 
the patch, which remained green, whereas the exposed cambium 
surrounding untreated patches began to darken within a few hours 
and became increasingly darker for several days. In some cases this 
tissue became spotted with mold. These conditions also prevailed in 
later buddings on Hevea seedlings (fig. 1 ). During this test it also was 
noted that the cambium around the treated buds grew so rapidly 
that it tended to grow over the edges of the patches 4 or 5 weeks after 
opening. Had the buds been allowed to remain dormant an equal 
number of months, no doubt some of them would have been completely 
overgrown. 

USE OF LANOLIN MIXTURE ON BUDDINGS IN NURSERIES 

The test of the lanolin-beeswax mixture on top-work buddings was 
not large enough to give conclusive proof, but it did show a definite 
advantage for its use on opened buds and led to the setting up of a 
more extensive experiment. One hundred seedlings were budded in 
the usual manner on May 22, 1945, and were unwrapped and examined 
15 days later, on June 6, when it was found that all buddings had been 
successful and the bud patches were in excellent condition. As the 
buds were opened and examined, every other one was coated with a 
smear of 3 : 1 lanolin-beeswax mixture. Thus, there were 50 treated 
and 50 untreated buds. Examination of these buds on June 12 showed 
that 8 untreated buds were dead and all 50 of the treated ones were in 
excellent condition. On June 17 the treated buds were still in good 
condition, but 16 untreated ones were dead. Final examination was 
made on June 26, 20 days after opening, when 3 treated buds and a 
total of 18 untreated ones were dead. Thus, 94 percent of the treated 
buds remained alive in contrast to but 64 percent of those untreated. 

Observations during this test suggested that some improvement 
might be obtained by applying the lanolin mixture at budding time in 
the fissure formed by tne bulge of the flap covering the bud after its 
insertion. Wrapping of the bud with waxed tape was expected to 
force the lanolin under the flap and afford a protective covering to 
the exposed cambium of the sto(5k surrounding the bud. 

On June 12, 100 seedlings were budded; 50 of these were treated by 
the method just explained with the 3 : 1 lanolin-beeswax mixture and 
50 were left untreated. When unwrapped 14 days later, all buds were 
in excellent condition. Of the 50 buds treated at budding, 25 were 
smeared again with the lanolin-beeswax mixture immediatelv on 
opening; the remaining 25 were not treated a second time. Of the 50 
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buds not treated at budding, 25 were smeared with the mixture on 
opening and the remaining 25 were left untreated as checks. 

All treated buds, whether treated at budding, opening, or both, were 
in good condition when examined 8 days after unwrapping, whereas 
6 of the untreated checks were dead. Final examination of these buds 
was made on July 31 , 35 days after opening, when 5 of the buds treated 
at budding and again at opening and 5 of those treated only at bud- 
ding were dead ; 9 untreated check buds were lost, as compared with 
none for buds treated only at opening. Wlien treated at budding 
apparently there was some forcing of the lanolin-beeswax mixture 
under the bud patch by the pressure exerted by the wrapping tape. 
From observations in subsequent tests, whicJi gave the same indication, 
treatment at budding seldom equaled treatment at opening only as a 
means of reducing loss in Ilevea buddings. 

USE OF VARIOUS UNGUENTS ON BUDS 

In order to observe the effects of applying unguents other than the 
lanolin-beeswax mixture to the bud-patch area, seedlings were treated 
at the time of budding as follows: 10 with a 3 : 1 vaseline-beeswax mix- 
ture, 10 with a 3 : 1 vaseline-paraffin mixture, 10 with ordinary 
automobile cup grease, 10 with a 3 : 1 lanolin-beeswax mixture, and 
10 left untreated as chec^ks. These buds were unwrapped after 14 
days, when they were again treated with the same combinations. On 
opening, all buds with the exception of 1 that was treated with cup 
grease were found in good condition. Final examination 24 davs 
after this opening showed that 7 check buds, 1 treated with the 
vaseline-beeswax mixture, 2 with the lanolin-beeswax mixture, 9 with 
cup grease, and 1 with the vaseline-paraffin mixture were dead. The 
more damaging effect of cup grease was attributed to its soft consist- 
ency and the greater ease with which it was forced under the bud 
patch when pressure was applied with the budding tape. 

To determine the effect of these same materials when applied on 
buds at the time of opening and not at the time of budding, 85 addi- 
tional seedlings were budded. When unwrapped in 14 days, all were 
found to be in-ggod condition and all were immediately treated with 
the same materials as used in the preceding test; there were 17 buds 
in each of 5 treatments. Final examination of the buds, 25 days 
after opening, showed that 7 untreated checks and 1 treated with cup 
grease were dead. All buds treated with lanolin-beeswax, vaseline- 
beeswax, and vaseline-paraffin mixtures were in perfect condition. 
Fron^ this it appears that any one of many inexpensive non toxic 
materials of the proper consistency possibly might be applied with 
equal success as a protective •coating over the exposed cainbial tissue 
upon unwrapping the bud, but with the limited stock material at 
the disposal of the writers more extended tests were impossible. 

USE OF LANOLIN MIXTURE ON BUDS FROM STORED BUDWOOD 

As the foregoing experiments were conducted with freshly cut 
bud wood, it was considerea advisable to test the treatments on buds 
taken from budwood that had been stored for various periods under 
conditions approaching those encountered during long-distance 
shipments. 
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A quantity of biidwood was cut on June 27 and divided into 2 
equal lots. Each lot was carefully packed in slightly damp sphagnum 
moss and wrapped in kraft paper. Both packages were stored indoors 
at air temperature. After 5 days 1 of the packages was opened and 
from the budwood 50 seedlings were budded. Half of these were 
treated with 3:1 lanolin-beeswax mixture at budding, and the other 
half were left untreated as checks. When the buds were opened .14 
(lays later, all w(Te found to l)e in excellent condition and the treated 
ones were given a second application of the mixturt‘. Twenty-four 
days later it was found that only 3 of the treated buds had died in 
contrast to 8 of the (dieck ones. 

The second package of budwood was opeiuHi after a 10-day storage 
period and used in budding 50 seedlings whi(‘h were treat(»d in the 
same manner as those in the 5-day storage test. WIhui opened after 
14 days, 2 of the 25 check buds W(Te dead but all the treated ones were 
in good conciition. Twenty -four days aftc'r opening, a total of 11 of 
the original 25 check buds and 9 of the 25 treated with th(» lanolin- 
beeswax mixture at budding were dead. 

At the time these two t(ists were b('gun the relation of treating at 
budding to treating only at opening had not be(*n establisluHl, but it was 
apparent before* their completion. Accordingly, anoth(*r storage test 
was begun for the inclusion of both tlu'se type's of treatnu'nt and the 
storage periods were increased to 10 and 20 days, respectively, as 
5-day storage had appeared to have no (h'finite aging effect on tiie 
budwood. 

After the budwood had been stored 10 days, buds W(*r(* inserted in 
84 seedlings and eveuy third bud was tn'ated with the 3:1 lanolin- 
beeswax mixture. The remaining 56 buds were divided altc'rnately 
into 2 groups of 28 buds each, 1 group being markc'd for treatment at 
opening and tin* other group for leaving untreat(Hl throughout the 
experiment as checks. Upon unwrapping, 14 days after budding, 1 
check bud, 2 buds to lx* treated at opeming, and 1 bud treated at 
i>udding were dead. ImmediaUdy after the unwrapping of th('S(' buds 
the 27 living originally treated w(T(' treated again. Tlirough an 
error 25 instead of the 26 livring buds to be treated at opening weje 
smeared with the lanolin-bec'swax mixture. This automatically 
added 1 bud to the untreated check group. 

Of the 28 check buds alive at opening 17 (60.7 percent) w('re in good 
condition at the final examination, 24 days after unwrapping; of the 
25 buds alive at opening and treated with lanolin at that time 21 
(84.0 percent) were in good (ondition; of the 27 buds treated twice 
with lanolin and alive at opening 21 (77.8 percent) survived. 

From budwood that had been stored 20 days 60 se('dlings were 
budded. Through an oversight an unequal division was made of the 
seedlings between treatments, as 20 buds wcu-e treated with 3 : 1 
lanolin -beeswax mixture at budding, 18 were held for treatment at 
opening, and 22 were maintained as untreated checks. When un- 
wrappe(l 14 days later, 18 of the treated buds, 15 of those held for 
treatment at opening, and 19 of the check buds were alive. The 18 
buds treated at budding were treated a second time at opening. 
When final examination of the buds alive at opening was made 24 
days later, it was found that 13 (72.2 percent) of those treated at 
budding and again at opening were alive; 11 (73,3 percent) treated 
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only at opening were alive; and only 11 ('ST.O percent) of the checks 
had survived. 

EFFECT OF TIME OF TOPPING STOCKS ON BUDS TREATED WITH 

LANOLIN MIXTURE 

As a final experiment in the use of lanolin as a means of reducing 
loss in Hevea buddings 100 additional seedlings were budded on 
August 2. These were unwrapped after 14 days, and all were found 
to be in good condition. At opening, 50 were smeared with the 
3:1 lanolin-beeswax mixture and 50 were not treated. Stocks of 
half of each group of 50 were immediately cut off in the usual manner 
to force bud growth and the cut surface of the stock was painted with 
the 1 : 1 lanolin-beeswax wound mixture. Thus, 50 stocks into which 
25 check buds and 25 treated buds had been inserted were cut back, 
but the remaining 50 were not cut. All uncut stock plants with 
living buds were cut back 12 days after opening to force the buds. 
By this time 11 of the previously uncut checks, 7 cut checks, and 1 
cut lanolin-treated bud had died. Final examination was made 25 
days after opening, when 11 of the checks not cut back at opening, 
9 cut checks, 3 uncut lanolin-treated buds, and 1 cut lanolin-treated 
bud were dead. The results of this limited experiment indicate that 
seedlings containing living bud patches may, when unwrapped, be 
cut back immediately to force sprouting without fear of serious loss 
if the patches and surrounding cambium are treated with lanolin- 
beeswax mixture at the same time. In this and other experiments 
where a delay of 10 or more days occurred between the unwrapping 
of the bud and the cutting back of the stock, survival of bud patches 
treated with the lanolin-beeswax mixture at opening was greater 
than that of untreated buds. 

EFFECT OF LANOLIN MIXTURE ON SPROUTING OF BUDS 

An observation in connection with the immediately preceding ex- 
periment and one other involving the cutting back of stocks to force 
bud growth w^s the retarding effect the application of the 3 : 1 lanolin- 
beeswax mixture had on the growth of the buds. 

In the experiment of May 22 in which 50 buds were treated with 
the 3 : 1 lanolin-beeswax mixture at opening and 50 were left un- 
treated as checks, all living buds had the stocks above them cut back 
11 days after opening to force the buds. Nineteen days after the 
cutting back of the stock 37 of the 47 surviving lanolin-treated buds 
were either swelling or sprouting, but only 1 had produced a shoot 
more than 1 mm. long; 26 of the 32 check buds were either swelling 
or sprouting, and 8 of these had shoots more than 1 mm. long. Final 
examination, 34 days after the cutting back of the stocks, showed all 
lanolin-treated and all check buds to be swelling or to have shoots. 
All but 1 of the check buds had shoots with an average length of 
282.4 mm., whereas only 34 of. the 47 lanolin-treated buds had pro- 
duced shoots and these nad an average length of only 91.4 mm. 

The same retarding effect was observed in the experiment begun 
on August 2 in which 50 stocks were topped as soon as the buds were 
unwrapped and the remaining 50 were cut back 12 days after un- 
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wrapping. As reported for that experiment, half of th(' buds in each 
group had been treated with the 3:1 lanolin-beeswax mixture at 
opening whereas the others were left untreated as checks. In the 
seedlings cut back when the buds were opened, 4 of the 18 living 
untreated check buds were sprouting 12 days later when the other 
seedlings were topped, while only 3 of the 24 buds treated with 
lanolin mixture were sprouting. 

At the end of this experiment, 25 days after the buds were un- 
wrapped, 14 (87.5 pereent) of the 16 living check buds in stocks cut 
back at opening were sprouting and 14 (58.3 percent) of the 24 living 
lanolin-treated buds in correspondingly cut-back stocks had sprouted. 
In the seedlings cut back 12 days after the buds were unwrapped 7 
(50 percent) of the 14 living chec.k buds had sprouted, whereas only 
7 031-8 percent) of the 22 living lanolin-treated ones had done so. 

SUMMARY 

Wounds arising from the pruning of llevea rubbertrees kept in 
better condition and healed more rapidly when treated with 1 : 1 
lanolin-beeswax mixture than when treated with any other wound 
dressing. 

Buds from fresh budwoo<l or from that stored for periods up to 20 
days, when set in the tops of mature trees or in the customary loca- 
tion in seedlings, suiwived in much greater numbers when the bud 
patch and the surrounding area of cambium on the stock were treated 
with 3 : 1 lanolin-beeswax mixture at opening, or unwrapping, than 
did untreated buds. 

Single treatment with the 3:1 lanolin-beeswax mixture at time of 
budding or treatment at time of budding and again at opening 
seldom was found to be as beneficial as trc'ating only at the time of 
unwrapping the buds. Several other unguents that gave material 
benefit when applied at opening of the buds were used, but the 
softest of these caused increased mortality to buds when applied at 
time of budding. 

Applications of lanolin-beeswax mixtures to bud patches and sur- 
rounding cambium and to the cut surface of the stock may allow 
cutting back of the stock at the time of unwrapping of the buds with 
negligible loss, thus eliminating the usual waiting period of 10 to 14 
days between opening of the buds and cutting back of the stock 
during which under present practice the death or survival of the 
buds IS determined. 

Buds treated with the 3:1 lanolin-beeswax mixture were found to 
sprout more slowly after cutting back of the stocks than did un- 
treated ones. 
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EFFECTS OF CONTROLLED SOIL MOISTURE ON GROWTH, 
COMPOSITION, YIELD, AND QUALITY OF MARYLAND 
TOBACCO ‘ 

By J. K. McMubtrey, Jr., principal physiologist, J. D. Rowling, associate 
biochemist, D. E. Brown, chief scientific aid, and H. B. Engle, Jwwior physiologist, 
Division of Tobacco, Medicinal, and Special Crops, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Research Administration, 
United States Department of Agriculture 

INTRODUCTION 

Adequate soil and air moisture constitutes one of tin* cardinal 
requirements for the growth of leaf tobacco which must mecq exacting 
(‘ommercial demands. Since the leaf of the tobacco plant (Nicotiana 
tahacum L.) is the final product, it must possess a rnoi-e or less definite 
combination of shape, size, structure, elasticity, venation, color, and 
possibly other structural details not readily visible to the eye, as 
well as a rather characteristic chemical composition which determines 
aroma, taste, and unidentified characters indi(*ative of (juality. The 
fire-holding capacity of the cured leaf is strikingly modifuMl by both 
the structural details and the chemical composition. Th(\se jiroperties 
in turn are influenced and modified by soil moisture, which largely 
controls the growth of all parts of the plant, (‘specially the leaf structure. 

It is generally recognized by the toba(*c-o trade that l(‘af grown 
during a dry season is very difh'rent from that gi’own during a wet one. 
The adaptability of th(' two products to manufacturing purposes 
dift’ers widely. ^FIk' leaf produced during a dry season is small, dark 
and dull in color, high in nicotine, and lacking in (‘lasticity. It 
possesses more aroma associated with gums and resins, has a dense 
structure associated with a high weight per unit area, chara(*.teristically 
])ossesses low firt'-holding capacity, and manifests a slow and inactive 
fermentation when bulked or packed. The (Uired leaf from tobac(‘o 
produced during a season with adequate and W(‘ll-distributed moisture, 
on the oth(u* hand, other conditions being equal, is thin, of an open 
structure or texture associated with a light weight per unit area, 
(‘omparativcly large, light and bright in color, elastic, low in nicotine, 
weak in aroma, and low in gums and n'sins and shows an active and 
rapid fermentation when bulked. 

Although to a greater or less extent soil moisture appears to be the 
dominant factor, atmospheric humidity, shading associated with 
cloudiness, and air movements that increase the evaporating power 
of the air are all a part of the complex which controls plant growth 
and development. The organic matter and the mineral constitmnits 
that affect the physical condition of the s6il and control the retention 

^ Received for publication December 23, 1 946. Cooperative investigations by 
the Division of Tobacco, Medicinal, and Special Crops and the Maryland Agri- 
cultural Experiment Station. 
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and release of moisture to the growing plant are highly important 
factors in the utilization of soil moisture by plants in tne development 
of leaves. 

In the 1941 Yearbook of the United States Department of Agricul- 
ture Gamer {5)^ discussed the effects of climate on the gro^h of 
tobacco. There are few publications dealing with the effects of 
supplemental water on the production of tobacco in humid areas. 
The work by Goff (7) was possibly the earliest account in this country 
of the effect of irrigation on the growth of tobacco. Anderson and his 
associates (f , 2^ 3) reported the effects of irrigation on the yield and 
quality of cigar tobacco at the Tobacco and Vegetable Substation at 
Windsor, Conn. 

The classic work of Hasselbring (9, 10), although it docs not deal 
directly with irrigation, has a bearing on the subject since shading 
affects plant and soil-moisture relations. This relation was further 
emphasized by the work of Stewart (16), who showed that average 
soil moisture, air temperature, and humidity were higher when 
tobacco was grown under a cloth shade than when grown under 
comparable conditions without shade. A partial explanation of 
some of these effects may be found in the work of G. W. Volk (17) and 
N. J. Volk (18), who studied the effects of the wetting and drying of a 
soil on potash fixation. McMurtrey (IS) described the symptoms of 
nitrogen deficiency, which, according to Anderson and his co workers 
(/, 2, 3), are often associated with irrigation effe(*ts. The review by 
Kramer (12) brought up to date the contributions on soil moisture in 
relation to plant growth. 

MATERIALS AND METHODS 

As previously stated, tobacco leaf grown during dry weather 
manifests certain characteristics that differ from those of leaf produced 
during wet weather. Since the two conditions do not occur simul- 
taneously, a direct comparison of the leaf produced in the same season 
under the two conditions is not possible. It seemed desirable, there- 
fore, to set up experimentally these two conditions insofar as possible 
in order to arrive at a more complete understanding of the effects of 
insufficient and of adequate moisture on growth and character of the 
leaf produced. Such effects were evaluated by systematic measure- 
ments, chemical analyses, and any other evident changes in the 
character of the leaf. 

The unvaried cultural and handling procedures (16) in general were 
those used by successful growers of the Maryland type of tobacco. 
Crop yields and values were determined after stripping, grading, 
weiglung, and sampling. .Samples so obtained were submitted to 
experienced judges of Maryland tobacco, who assigned values. Cal- 
culations based upon weights and values thus obtained were the 
source of the results reported on yields and gross values per acre. 
Tests to determine the fire-holding capacity of cured leaves of the 
cigarette grades were made according to the usual laboratoiy pro- 
cedures. Twenty-five leaves from as many plants were ignited by an 
electric lighter. These tests were carried out under controlled 
temperature and humidity. 

* Italic numbers in parentheses refer to Literature Cited, p. 248. 
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The various artificial weather conditions were set up after the 
plants had become well established. There were three treatments 
in 1934, each on a separate plot, which was given the same number 
as its treatment. One area was held dry continuously by means of a 
tarpaulin rolled down just before a rain and supported by suitable 
scaffolding, as shown in figure 1. The second area was irrigated 
twice weekly, receiving one-fourth inch of watcu* each time during 
weeks when no rain fell, and the third area in like manner rec(‘iv('d 
an equivalent of one-half inch of water. The water was added as a 
spray by means of overhead nozzles. 



Figure 1. — Tobacco grown (A) without water during early growth and {li) with 
both rainfall and supplement ary water ecpii valent to one-half inch twice a week 
when insufficient rain fell during earlv growth. Photographed .\ugust 10, 
1936. Note scaffolding for support of canvas and movable irrigation pipe 
with nozzles. 

In 1935 and thereafter five treatments wert* used on as many areas in 
two different series: A, lowland, and B, uiffand. In addition to the 
area kept dry continuously as in the previous yeai* (No. 1), there was a 
second area irrigated by overhead nozzles to add one-half inch of 
water twice weekly if there was no rainfall during the week (treated 
like No. 3 in 1934). A third area was irrigated in the same manner 
early in the season and kept dry for the remainder of the season by 
means of a tarpaulin as on area 1. A fourth arc^a was kept dry like 
area 1 during the early part of the season*and irrigated like area 2 dur- 
ing the last part of the season. Tobacco grown on the fifth area (the 
control area) was produced under the prevailing rainfall. The plan 
was to roll the covers down just before a rain and to roll them up as 
soon thereafter as practicable. This procedure was followed in an effort 
to avoid shading. To give protection from showers during the night 
also, an attendant was on hand to apply covers when a shower threat- 
ened. 
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The rows were spaced 34 inches apart, and the plants were spaced 
the same distance in the rows. Each area was occupied by 8 rows of 
14 plants each. The border plants were removed at harvest time; 
that is, the yields and other data were taken on the 72 plants inside the 
border. Each area received a fertilizer containing 4 percent of nitro- 
gen (N) derived one-fourth from tankage, three-eighths from ammo- 
nium sulfate, and three-eighths from nitrate of soda; 8 percent of phos- 
phoric acid (P 2 O 6 ) derived from superphosphate; and 12 percent of 
potash (K 2 O) derived from sulfate of potash. This mixture was 
applied in the row at the rate of 750 pounds per acre. 

The dates of transplanting, w^atering, applying covers, changing 
covers, topping, harvesting, and replanting, as well as the dates and 
amount of rainfall andjthe^amount of irrigation, are shown in table 1 . 
Watering, or irrigation, was accomplished by means of overhead 
nozzles to simulate natural rainfall. Occasionally there was rain 
immediately after irrigation; this wet the soil excessively and produced 
more or less leaching on the irrigated areas. At times it was difficult 
to irrigate during windy periods because the spray tended to blow, but 
blowing was controlled satisfactorily by avoiding windy periods and 
by tilting the spray nozzles in sucli a w^ay as to direct the spray to the 
desired area. The covered areas were left unprotected at the sides to 
avoid setting up a humid atmosphere under the tarpaulin, but no seri- 
ous difficulty was encountered from blowing rains. Recording instru- 
ments under the tarpaulin showed no significant differences in tempera- 
tures and humidity from those recorded on an adjacent uncovered con- 
trol area. It should be recognized, however, that the treatment on the 
dry plot did not entirely simulate natural drought conditions, because 
the atmosphere and the soil may not have been dry simultaneously. 
Besides, there were some effects of shading for it was not always desir- 
able to roll up the tarpaulin immediately after a shower because of the 
danger of its molding and decaying. 

The plots were located on soils of the Colliiigton series, but the 
plants were not grown on the same areas for the entire period, because 
of the development of nematodes {Heterodera marioni (Cornu) 
Goodey) and^ of fusarium wilt, caused by Fusarium oxysporum f. 
nicotianae (J. Johnson) Snyder and Hansen. The lowland series (A) 
was located on one area in 1934, another in 1935, and a third from 
1936 to 1940; on all of these the soil was mapped as Collington loamy 
sand and was definitely sandy with little or no subsoil. Except in 
1936 and 1937, the upland series (B) was located on a slightly heavier 
soil with a definite subsoil at about 16 to 22 inches; it was mapped as 
Collington fine sandy loam. In 1936 and 1937 the soil was a loamy 
sand like that on which series A was located. The plots were in four 
different locations — one in 1934, a second in 1935, a third in 1936 and 
1937, and a fourth from 1938 to 1940. The water applied to plots 
in the lowlands series was obtained from a deep well, and that applied 
to the upland series was ground water from a surface spring. 

The Maryland Broadleaf variety was planted from 1934 to 1938 
and the Maryland Medium Broadleaf in 1939 and 1940. 

Some preliminary studies were made during 1934 and 1935 to de- 
termine the effect of irrigation on the percentage of moisture in the 
soil on a moist-weight basis (table 2). The soil samples were taken 
to a depth of 6 inches and represented 12 borings per plot. Soil 
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Tablk 2 . — Soil-'inoisture content based on moist weight before and after tvalering 
irrigation plots, Upper Marlboro, Md., 1934~S6 

(Samples represent 12 borings per plot to a depth of 6 inches] 


DtJtc and treatment 
No. 

Lo (Viand 
(series A) 

TTpland 
(series B) 

Date and treatment 
No. 

Lowland 
(s(*ries A) 

U pland 
(s(‘nes B) 

Before 

wa- 

tering 

After 

wa- 

tering 

Before 

wa- 

tering 

After 

wa- 

tering 

B»‘fon‘ 

wa- 

tering 

After 

wa- 

tering 

Before 

wa- 

tering 

,\fter 

wa- 

tering 

1934 

Per- 

Per- 

Per- 

Per- 

ms 

Per- 

Per- 

Per- 

Per- 

.Tuno 27’ 

cent 

cent 

cent 

cent 

July 3* 

cent 

cent 

cent 

cent 


4.37 


0.76 


1 

4 71 


6 69 


2 

4 ft7 


7 7:1 


2- - 

4 62 


6 21 


3 

6. 47 


0. 92 


3 . _ . 

:3 8ft 


6. 27 


July 6: 





4 - 

4 24 


6 37 


1 

4.30 


ft. 75 


5 

4 84 


6. 50 


2 

4. 7fi 


7.83 


July 9: 





3 

6. 02 


8. 91 


1 

4 72 


6 38 


July 10 and 11. 






7. 96 


11 07 


"l 

4.37 

6 39 

6.2:1 

6.13 

3. 

7 71 


10 99 


2 

4 7S 

6 34 

6 92 

9 11 

4 

4 Oft 


6 03 


3 

ft 23 

0. 38 

8.61 

13.38 

ft... 

8 2ft 


10 88 


July 1ft and 17: 





July 16. 





4 21 

4 37 

5.40 

ft 71 

_ 

4 43 


5 77 


2 

4 fl7 

ft 12 

7 00 

9 3ft 

2 - 

ft 62 


10 17 


3 


7.80 

9 48 

12 13 


ft 32 


9 88 


July 24 and 2ft: 





4 

4 61 


6 14 


I 

3 4ft 

4 Oft 

ft n 

ft 40 

ft 

ft 95 


9 57 


2 

4.30 

ft. 48 

ft. 98 

7 46 

July 23 and 24. 





3 

ft. 91 

8.27 

8 81 

11 57 

) 

3. 4ft 

3 64 

4.42 

4 20 

July 31 and Aug 1 





2 

4 94 

8 57 

7 66 

10 61 

1 

3 73 

3 47 

5 90 

5 21 

3 

3 90 

8 11 1 

1 8 29 

11 13 

2 .M. 1.'^ 

7 21 

ft Oft 

10. 39 

8 4ft 

4 

2 ftft 

2 48 

ft 01 

4 82 

3 

8. 79 

7 61 

13 32 

11.94 

• ft 

4 16 

ft 91 

6 61 

8 79 

A ug 7 and 8 



July 30 and 31 





1 

2 04 

2 58 

4. 49 

4 31 

1 

2 44 

2 42 

3 2ft 

3 08 

2 

5 09 

6 77 

6 80 

8 1ft 

2 1 

4 02 

8 34 

7 91 

9 96 

3 

7 23 

8 ft7 

10 81 

13 19 

3 

2 813 

7 38 

7 40 

10 :36 

Aug. 14 and 1ft. 





4 

1 67 

1 ftft 

3 86 

3 77 

1 i 

2 88 

2 57 

3 71 

3 76 

5 

2 59 

2 64 

4 IH) 

4 44 

2 

7.29 

ft. 28 

9. ftft 

7 80 

Aug, 6 and 8. 





3 

0. 27 

0. 21 

13.93 

12 03 


1 92 

2 04 

2 54 

2 40 

Aug. 21 and 22: 





2 

4 45 

8 71 

6 02 

11 04 

1.. 

2 ft7 

2 28 

2 99 

2 47 

3 . 

3 42 

8 07 

6 78 

11 25 

2 

4 ftO 

ft 31 

ft. 31 

7 59 

4 

1 11 

1 10 

2 76 

2 68 

3. 

5.07 

7 90 

11,51 

1:3. 44 

ft. . . 

1 67 

7 4ft 

2 43 

S 67 

Aug. 28 and 20. 

1 




Aug. 13 and 14 





1 

1 8ft 

1 IM) 

2 7ft 

2 81 

] 

1 68 

1 82 

1 {18 

1 95 

2... 

ft 74 

ft 30 

8 32 

7 67 

2 . * 

4 43 

8 14 

7 11 

10 05 

3 . . 

7 70 

ft 05 

13. 18 

12 02 

3 .. . 

3 51 

7 63 

7 33 

10 54 

Sepf . 4 and 5: 





4 

08 

1 07 

2 09 

2 23 

1 

1.40 

1 2ft 

2 10 

2. 20 

ft- - 

2.65 

3 36 

4 03 

4 45 

2 

7. «7 

ft 78 

9 78 

8 20 

Aug. 23 and 24 





3 . 

8. 42 

7 11 

13 41 

11 8:i 

1 . 

1 52 

1 38 

2 02 

1 84 






2 . - . 

8.54 

8 71 

10 64 

11 41 

im 





3 .. 

3 26 

3 01 

6 09 

5 79 

June 2ft. 





4 .. - 

7 69 

8 ftft 

8 ,53 

9 30 

1 

5 4ft 


8 30 


ft 

7 90 

ft 98 

8.29 

0 71 

2 

5. 23 


8. 13 






1 

3 

4 ft3 


8 21 







4 

ft 43 


7 83 







5 

ft. 71 


7.80 








moisture was determined by dryinj^ to constant weight in an electric 
oven held at 105 ° C. 

The official methods (4) were employed in obtaining the analytical 
results reported for starch, reducing sugars, sucrose, ash, phosphoric 
acid (P 2 O 5 ), lime (CaO), magnesia (MgjO), and sulfur (S). Corrections 
for sand and other siliceous soil material as applied in official mcdhods 
U) were used as a basis for calculating the results (see tables 9-13). 
Moisture in the leaf was determined by drying it at 100 ° O. for 4 
hours. Nitrogen (N) was determined by the official Gunning method 
modified to indude nitrate as given for fertilizers, with the substitution 
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of 0.7 gm. of mercuric oxide for copper oxide. Potash (K 2 O) was 
determined by solution of sample by the wet digestion method of 
West {19) and the modified chloroplatinate method of Hicks {11), 
The weights of leaf material shown in tables 4 to 8 include the midrib 
and were not corrected for sand and other siliceous material, whereas 
the data shown in tables 9 and 10 were corrected for siliceous soil 
material and do not include the midrib. Nicotine was determined 
by a modification of the Keller method {6) made in the Division of 
Tobacco and Plant Nutrition. 

EXPERIMENTAL RESULTS 

PHYSICAL MEASUREMENTS 

The water content of the surface soil was definitely modified by 
the methods used to control the water supply (table 2). It is in- 
conceivable that the plants growing on the area to which no water 
was added and having a moisture content as low as 1 or 2 percent 
(nuld have developed at all unless they were drawing on subsoil 
reserves. Soil-moisture content at greater depths shown in table 3 
for 1937 indicated that this was taking place. The plants growing 
under these conditions as a rule exhibitth severe wilting during th(‘ 
day and more or less wilting (fig. 1) at all times, but they did not show 
any considerable loss of the lower leaves from drying (see tables 4 
and 5). At times during dry periods the water content of the soil 
of the control plot was as low as that of the soil of area 1, which re- 
ceived no rainfall and no irrigation. This condition was usually 
of short duration, however, since as a rule rain fell in time to correct 
this critical situation. Wlien the water was withheld from ar(»a 3 
late in the season, usually about 2 to 3 weeks before harvest, the soil 
moisture was rapidly reduced to a low level by the growing plants 
(tables 2 and 3). 

Table 3. — Soil-moistvre content based on moist weight at depths in irrigation 
plots, Upper Marlboro, Md., 1937 


[Samples represent 12 borings per plot] 



Lowland 
(series A) 

Upland 
(series B) 


Lowland 
(series A) 

Upland 
(series B) 

J hHiI Ifv&lliiifflit 

No. 

0-12 

inches 

12-24 

inches 

012 

inches 

12-24 

inches 

No. 

0-12 

inches 

12-24 

inches 

0-12 

inches 

12-24 

inches 


Per- 

Per- 

Per- 

Per- 


Per- 

Per- 

Per- 

Per- 

July 28: 

cent 

cent 

eeiU 

cent 

August 11- Con. 

cent 

cent 

cent 

cent 

1 

e. 75 

13.73 

3 33 

5.31 

4 

3. 50 

9. 61 

3.43 

4. 81 

2 

3 

8.eo 

7.82 

11.42 

11.90 

7.7J 

7.97 

7.85 

7.80 

6 

August 18: 

5 38 

8.16 

4.09 

3 86 

4 

5.62 

12.05 

3.96 

5.54 

1 

3.16 

10 00 

2.35 

3.76 

b 

August 4: 

6.36 

9.76 

3. 81 

5.54 

2 

3 

8 47 
5.61 

11.45 

9.54 

7.49 

4.33 

3.92 

7.15 

1 

5.02 

12.48 

1 3 04 

4.82 

4 

7. 32 

10.64 

6.66 

4.68 

2 

3 

8.35 

8.55 

10.81 

11.62 

7.38 

7.42 

6.94 

7.56 

5 

September 1; 

1 

5.32 

7.80 

4.49 

5. 42 

4 

4.08 

9. 67 

1 3 42 

5.20 

4. 13 

9.12 

2.46 

3. 61 

5 

August 11: 

4.45 

8.50 

3. 14 

4.69 

2 

3 

8.91 
6. 55 

12.80 

8.29 

7.02 

3.86 

8. 21 
4.92 

1 

3.69 

11.40 

2. 61 

4.05 

4 

8. 10 

15.22 

7.08 

8.78 

2 

3 

7.95 

7 53 

10.55 

10.67 

6.22 
6. 51 

7.10 

6.67 

5 

8.28 

12.27 

6.28 

7.32 
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The actual growth rate of the plant can most satisfactorily be 
(expressed in terms of measurements made at intervals of the height of 
the plant and of the width and length of the leaves and of counts of 
the leaves. Dry-weight data to determine at intervals the increase in 
dry matter necessitate the harvesting and destruction of part of the 
experimental plantings and so g<uierally are not feasible. 

The leaf area developed by the plants was dedermined at 14-day 
intervals. The method used was based upon the formula by Goff 
(7, 574): 

The area of a leaf was computed by multiplying its length by one-half its width, 
and increasing the product b.y one-third, it having been ascertained by trial that 
this is nearly exact. The average length and the average width of a leaf was 
ascertained by taking measurements of 800 whole leaves. 

More recently a mathematical method for determining the area of 
tobacco leaves was reported by Gubenko (S). The methods discussed 
in his paper appear to agree veiy closely with Goff’s formula iX 1/2 W 
increased by 1/3, in which L represtuits the length and W the width of 
the leaf. This formula can also be cxj)ressed as 2/3 L'XW. While 
Goff used the average length and width in his calculations, possibly for 
heaves of m^arly the same size, this procedure would not be accurate 
if the leaves varied greatly in size, as from the bottom to the top of the 
plant. The area of each leaf would then have to be determined as a 
unit and the total for the plant arrived at by summation ; this procedure 
was followed to obtain the results reported in tables 4, 5, 7, and 8. 

The areas of leaves by groups with reference to position on th(^ stalk 
and the total leaf area per plant are shown for the two varieties of 
Maryland tobacco in tables 4 and 5. At the time of the first im^asure- 
ments, approximately 30 days after transplanting, comparatively 
little variation in size of plants on the several plots was shown by the 
data on total leaf area, height of plant, numlxu* of leaves, and length of 
internodes. The two varieties, Maryland Broadleaf and Maryland 
Medium Broadleaf, had leaf areas approximating 3 or 4 square feet 
per plant at the time of the first measurement, and the two varieti(‘s 
and the five treatments were in reasonably close agreement. The 
subsequent measurements, howewer, showed decided ditferenc(»s for 
both varieties as a result of the various water tn^atments. The use of 
supplemental water in treatment 2 almost doubled the leaf area per 
plant as compared with treatment 1 with neither rainfall nor irrigation. 
The Maryland Broadleaf consistently produced plants with a greater 
leaf area than the Maryland Medium Broadleaf. However, there was 
no decided difference in the area per plant in the dry and control 
treatments. There was a loss of area by the lower leaves as a n'sult 
of drying, or firing. The leaf area finally attained in square feet peu* 
plant roughly paralleled the number of leaves from plants grown on 
areas which were supplied with water treatment 2 (througliout the 
period) or treatment 3 (only during early growth). 

The plots to which additional water was supplied produced talhu* 
plants with longer internodes and more total heaves than those on the 
area from whicli water was withheld. The plants of the Maryland 
Broadleaf variety grown on areas kept dry during early growth had 
more green leaves than those on irrigated areas (table 4). The 
Maryland Broadleaf variety developed more leaves than the Mary- 
land Medium Broadleaf and reached its maximum leaf area 2 weeks 


764540—47 



Table 4. — Average area of green leaves, height of plant, length of iniernodes, and number of leaves per plant of Maryland Broadleaf tobacco grown 

with and without rainfall or supplemental water, Upper Marlboro, Md., 1936-38 

[Counts and measurements made at 14>day intervals on 24 plants comprising 2 rows^ or one>third, of each plot in series B] 
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Table 5. — Average area of green leaves, height of plant, length of internodes, and number of leaves per plant of Maryland Medium Broadleaf 
tobacco grown with and without rainfall or supplemental water, Upper Marlboro, Md., 1939-40 

[Counts and moasurements made at 14-day intervals on 24 plants comprising 2 rows, or one-third, of each plot in series B] 
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* Bottom and top groups did not always contain 5 leaves. 
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earlier, indicating more rapid growth (fig. 2). The Maryland Medium 
Broadleaf was apparently more seriously affected by the early dry 
period (treatment 4), since it did not recover as quickly or produce 
as much leaf area as the Maryland Broadleaf when irrigation was 
resumed late in the season (fig. 3). The total lenf number, intemode 



Figure 2. — Effect of irrigation on average leaf area per plant of tlie Maryland 
Broadleaf variety (1936-38) and the Maryland Medium Broadleaf (1939-40), 
when measured at 14-day intervals during the growing period and after curing. 
Data for cured leaf of the Maryland Medium Broadleaf are for 1939 only. 
Treatment 1, without rainfall or supplemental water during entire p(Tiod of 
growth; treatment 2, with rainfall and supplemental water throughout period 
of growth; treatment 3, with rainfall and supplemental water during early 
period of growth, but without rainfall or supplemental water during lat e period 
of growth; treatment 4, without rainfall or supplemental water during early 
])eriod of growth, but with rainfall and supplemental water during late period 
of growth; treatment 5, with rainfall, but without supplemental water during 
entire period of growth. 

length, and height of plant showed much the same relation. Tlu' 
loss of the lower leaves was much more pronounced with both varieties 
on the plots furnished abundant moisture (rainfall and supplemental 
water). 

A comparison of the leaves produced on dry soil and those produced 
on soil to which water was applied showed that the shape of the leaves 
was not greatly modified by the application of water. The ratio of 
length to width was practically constant except in the top leaves of 
Maryland Medium Broadleaf (table 6). The top leaves apparently 
increased in width where water was supplied. At the time of the 
fourth measurement the ratio of length to width was 2.41 with rainfall 
and supplemental water and 2.65 without either. The top leaves 
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were definitely longer in relation to width than the lower leaves. 
This relation changes gradually from the lower leaves, which were 
broad, to the middle leaves, which were narrow; the top leaves were 
the narrowest of the three groups. Although the addition of water 
did not greatly modify the shape of the leaf, it did cause a decided 
increase in size, as shown by measurements of length and width. 

The measurements of the areas per plant of cured leaves, which 
possibly are not so accurate as those of the green-leaf areas, since it 
is difficult to smooth out cured leaves and obtain a true measure, 
showed decided differences as a result of the treatments (tables 7 
and 8). The measurements were made and the data on moisture 
absorption were taken in a room where moisture and temperature 



Km URIC 3. — Tobacco grown (.4) without water during early growth, biit witli 
subsequent rainfall and supplemental water for 10 days and {B) with supple- 
mental water and rainfall during early growth, but both subsecpiently withheld 
for 16 days. Photographed August 26, 1936. (Omipare with fig. 1.) 

were under control; they are, therefore, believed to be comparatively 
accurate*.. The moist and oven-dry weights of the cured leaves showed 
decided differences as a result of moisture supplied to the growing 
plants. The leaf of both varieties produced where water was with- 
held had the highest weight per square foot, but the Maryland 
Medium Broadleaf (table 8) had a higher weight p(*r unit area than 
the Maryland Broadleaf (table 7). The 1940 crop was not included 
in the tabulation for cured leaf, as the control room was not available* 
for handling the crop. As a rule the percentage of moisture absorbed 
by the cured leaf was highest where moisture was supplied in the^ 
field. Leaf grown on soil from which water was withheld early in 
the season was similar in moisture absorption and weight per square 
foot to that grown where water was withheld throughout the season 
(taWes 7 and 8). Generally speaking, the leaf having the highest 
moisture-absorbing capacity and the lowest weight per square foot 
was produced on the plot from which water was withheld late in the 
season, that is, for 2 to 3 weeks before harvest (tables 7 and 8). The 
leaf produced on the control plot varied widely, depending upon the 
prevailing seasonal conditions. 
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The values shown in tables 4 and 7 are averages for 3 years and 
represent data for series B only. The values for individual years did 
not show a wide departure from the averages, and the relative response 
to the treatments was much the same each year. The values in table 5 
are averages from scries B for 2 years, and the values for individual 
years showed no apparent significant departures from the averages. 

The stalk weights showed a greater difference between treatments 
than leaf weights; the stalks tended to be relatively smaller on the dry 
plot than on the irrigated ones, as shown by the percentage of top 
growth rcprespted by the stalks (tables 7 and 8). Weights of stalks 
showed a similar trend (see table 14). 


Table 7 . — Average area and moist and oven-dry weights of cured leaves per plant, 
moist and oven-dry weights per square foot of cured leaves, percentage of moisture 
absorbed by leaves when exposed to constant temperature and moisture conditions, 
and weights of stalks of Maryland Hroadleaf tobacco grown with and without rain- 
fall or supplemental water. Upper Marlboro, Md., 1936-38 

[Measurements made at 88 percent relative humidity and 77° F. on leaves from 24 plants comprisiriK 2 
lows, or one-third, of each plot in series B; the lower, middle, and top leaf groups usually consisted of 5 
or 0 leaves per plant] 


Plant part 
and treat- 
ment No. 
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Precipitation 

•eatment 
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1 Stalk weights are averages for 1937 and 1938. 

* Percent of top (above-ground portion harvested). 
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The roots did not receive complete study, but among those studied 
there were decided differences in development (fig. 4). The roots of 
five plants from each treatment of the 1939 crop were washed out of 
the soil by a stream of water from a hose, and the average air-dry 
weights were determined (table 8). There were very few fibrous roots 
on plants grown on the area held dry all season (treatment p, but 
abundant fibrous roots were evident where the plants were irrigated. 
Since it was not practical to wash out all the roots throughout their 
entire length, it was not possible to determine the effect of soil-water 
relations on root length. 

Table 8. — Afierage, area and mout and oven-dry weights of cured leaves per plant, 
moist and oven-dry weights per square foot of cured leaves, percentage of moisture 
absorbed by leaves when exposed to constant temperature and moisture conditions, 
and weights of stalks and roots of Maryland Medium Broadleaf tobacco grown 
with and without rainfall or supplemental water, Upper Marlboro, Md., 1939 

Measurements made at 88 iMTWiit relative humidity and 77° F on leaves from 24 plants comprising 2 rows, 
or one-third, of plants for each treatment, the lower, middle, and top leaf groups usually consisted of ,5 
or 6 leaves per plant] 
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103.93 

80 02 

23.01 

7.23 

5 67 

4... 

W ithout . 

With 

Without - 

With . 

10. 36 

84.47 ! 

66. 14 

21.70 1 

8 16 

6 38 

6 ... 

With 

...do 

.. do 

Without 

12.60 

97. 10 

74 76 

23.01 

7 71 

5 93 






Per- 



1 



Stalks: 





cent 1 






1 

Without. 

Without. 

...do. . 

...do - .. 

37. 35 


31.64 




2 

With., .. 

With.,.. 

With 

With .... 

43.64 


67.84 




3- 

...do 

Without 

..do 

Without. 

40 61 


54.72 




4 

Without. 

With 

Without. 

With ... 

31 96 


31.07 




R 

With 

...do. ... 

...do. 

Without 

41.88 


63. 87 




Roots: 










j 

1 

Without 

Without. 

. do 

...do. .. 


106.00 

21.40 

79. 81 



2 . 

With 

With 

With..... 

With 


314.00 

63.90 

79.66 



3 

do 

Without. 

...do 

Without 


298 00 

69.50 

76.68 



4 

Without. 

With 

Without. 

With 


181.00 

33.60 

81.44 



6 

With ... 

..do. .. 

...do 

Without 

1 

193.00 

37.40 

1 

80.62 




> Percent of top (above-ground portion harvested). 
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Figure 4. — Tobacco roots typical of those produced in irrigation series: A, With- 
out rainfall or supplemental water during the entire period of growth : B, with 
rainfall and supplemental water throughout ]jeriod of growth; C, with rainfall 
and supplemental water during early period of growth, but without either during 
late period of growth; /), without rainfall or supplemental water during early 
period of growth, but with both rainfall and supplemental water during late 
period of growth; E, with rainfall only during entire period of growth. Photo- 
graphed October 1939. 


BIOCHEMICAL STUDIES 

The results presented in tables 9 and 10 are based on samples taken 
from series A (lowland) and B (upland) and represent average values 
corrected for the sand and other siliceous soil material adhering to the 
leaves. In most details the results from the two series agree as to 
effects produced by irrigation. The areas of leaves with midribs 
removed were determined by tracing on manila wrapping paper, 
measuring the total area of the paper, cutting out and weighing the 
leaf traemgs, and calculating the areas on the basis of weight relations. 
The water supplied definitely increased the leaf area, green and ov(ui- 
dry weights per leaf, water content, and green weight per square foot 
(table 9). These increases were as a rule directly related to the amount 
of water supplied by irrigation. The oven-dry weight j^er square foot 
in general was inversely related to the amount of water supplied. 
Much the same relations are apparent in table 10. The treatments 
for 1935 did not include a differential rate of irrigation, but did include 
differences in time of application. Withholding the water for 3 weeks 
prior to harvest (treatment 3, table 10) resulted in leaf weighing less 
per unit area than that from any other treatment represented, agreeing 
with the results presented in tables 7 and 8. However, in this instance 
the weight was much less since the results were corrected for sand and 
other siliceous soil material and the midrib weight was not included 
in the total area weight from which the calculations were made. It is 
interesting to note that the green weight per square^ foot of leaf area 
was lower in the area where water was withheld than in the area 
where water was added, supporting the values in the next column 
showing a greater weight per square foot of oven-dry material. This 
difference apparently was largely water, as the leaf showed a lower 
percentage of water. These differences became more pronounced as 
the season advanced; the August 23 samples show a wider difference 
than the July 23 samples. 

764540 — 47 3 
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The results of analysis of the 1935 crop (table 11) are based on 
averages from series A and B, which were in reasonably close agree- 
ment. The percentage of nitrogen in the leaves, stalks, and tops of 
plants grown in areas from which water was withheld was definitely 
higher than in plants from areas supplied with water during early 
growth. However, the highest percentage of nitrogen was found in 
the leaves, stalks, and tops of plants grown on the area from which 
water was withheld early in the season and supplied during the last 
3 weeks of growth (treatment 4). In fact, the percentages of all the 
ash constituents except sulfur were highest when the water was sup- 
plied only during the late period of growth. The percentage of phos- 
phoric acid (P 2 O 6 ), although low regardless of treatment, showed 
much the same relations as nitrogen. The percentage of potash 
(K 2 O) was definitely lower in the leaves of plants grown in the area 
from which water was withheld than in areas where it was supplied, 
but the leaf grown under the late irrigations showed tlie highest 
content of this constituent. This inen^ase in potash cannot be 
accounted for l)y the potash content of the water applied, as analysis 
of the water showed less than 4 pounds of K 2 O applied per acre where 
supplemental water was supplied throughout the season. The data 


Table 9. — Average leaf area, green and oven-dry weights per leaf, water content, green 
and oven-dry weights per square foot of leaves from plants of Maryland Broadleaf 
tobacco grown with and withotit rainfall or supplemental water, Upper Marlboro, 

Md., 1934 

Samples consisted of Ifi half leaves taken from 2 groups of 1.*) plants so as to avoid severe mutilation of plants 
values shown are averages from sern‘s A and B corrected for adheiing sand and ollu'r siliceous soil male 
rial] 


Date, leaf,’ and 
treatment No 


July 31 (seventh 
leaf): 

1 

2- 

3 

August f) (sev- 
enth leaf): 

1 

2 

3 

August 14 
(eighth leaf)* 

1 

2 

3 

August 21 
(eighth leaf) : 

1 .--- 

2 

3 

August 28 (ninth 
leaf): 

1 

2 

3 

September 6 
(ninth leaf): 

1 

2 

3 


Water treatment 

Average leaf 


Gieeti 

weight 

per 

sipjare 

foot 

Oven- 

diy 

Precipita- 

tion 

Irrigation 

Area 

Green 

weight 

Oven- 

<lry 

W'eighl 

Water 

weight 

pel 

siiuaie 

loot 

Without, 

Without- 

Square 

feet 

0. 71 

Orams 
16 58 

Grams 

2.05 

Percent 
87. 64 

Grams 
23 35 

Grams 

2.89 

With 

M inch twice weekly. . 

7(i 

J9.0t) 

2 43 

87 74 

25.87 

3 20 

,.,do 

H luch twice weekly. _ 

.80 

20 56 

2.41 

88 27 

25 69 

3.01 

Without.. 

Without 

.78 

17 59 

2 55 

85 50 

22 55 

3. 27 

With .... 

H inch twice weekly. . 

1.01 

26.71 

3 88 

84 91 

25 46 

3 84 

.-do 

inch twice weekly. . 

1.29 

34.00 

4.66 

86 29 j 

26. 36 

3. 61 

Without.. 

Without. 

.88 

20.32 

2.67 

86 86 

23 09 

3.03 

With 

inch twice, weekly. . 

1 07 

27 51 

3. 33 

87 90 

25 71 

3 11 

...do 

H inch twice weekly. . 

1.15 

30.20 

3. 45 

88.58 

26 26 

3.00 

Without.. 

Without 

.87 

18.66 

2.64 

85.85 

21.45 

3.03 

With 

M inch twice weekly. 

1.26 

30. 67 

3.93 

87.19 

24.54 

3.14 

...do 

mch twice weekly. . 

1.58 

40.63 

4.52 

88.88 

25. 72 

2.86 

Without -- 

Without 

.97 

22.29 

3 16 

85.82 

22 98 

3. 26 

With 

inch twice weekly. 

1 23 

31.03 

3. 76 

87.88 

26.23 

3.06 

...do. 

H inch twice weekly. . 

1.45 

37.41 

4.07 

89.12 

26.80 

2.81 

Without. . 

Without... 

.89 

18.32 

2.94 

83.95 

20.68 

3.30 

With 

hich twice weekly. . 

1.38 

31. 57 

4.60 

86.43 

22.88 

3.33 

...do 

Va inch twice weekly. . 

1.72 

42.87 

4. 91 

88.55 

24.92 

2.85 


» Leaves numliered from bottom of plant. 
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thus indicate an important influence of water upon the aTailability 
to the tobacco plant of relatively insolubh^ soil potash. The per- 
centages of lime and magnesia were increased by withholding water, 
but the reverse appears to be true of sulfur. However, when water 
was added late in the season the percentages of lime and magnesia 
were increased. The plants from the control treatment tended to 
approach those that received the late additions of water in percentage 
content of the various constituents. The percentage of total ash 
content was lowest in the leaf of plants grown where water was sup- 
plied throughout the growing period and highest where water was 
supplied during the last 3 weeks prior to harvest. These same rela- 
tions prevailed for the stalks and consequently for the tops, including 
leaf and stalk. 

The actual recovery values for ash constituents (pounds per 
acre) were related much the same as the percentage values were 

Table 10 . — Average leaf area, green and oven-dry weights per leaf, water content^ 
green and oven-dry weights per square foot of leaves from plants of Maryland 
Broadleaf tobacco grown with and without rainfall or supplemental water, Upper 
Marlboro, Md., 1935 


Samples consisted of 16 iialf leaves taken from 2 groups of 15 plants so as to avoid severe mutilation of plants; 
values shown are averages for series A and B corrected for adhering sand and other siliceous soil 
material] 



Water treatment 

Average leaf 


Green 

Oven- 

Date, leaf,' 









weight 

weight 

per 

and treat- 

Precipitation 

Irrigation 


Qn'on 

Oven- 

Water 

pt'r 

mont No. 





* 


square 


Early 

Late 

Early 

Late 


weight 

weight 


foot 

foot 

July 23 (sev- 





Square 



Per- 



enth leaf) . 





feet 

Grame 

Grams 

\ cent 

Grams 

Grams 

L- 

Without . 

Without-- 

Without— 

Without. 

0. 49 

10.73 

1.82 

83 04 

21 90 

3. 71 

2 

With .... 

With 

With 

With .... 

.67 

15.76 

2 25 

86 72 

23. 52 

3 36 

3 

do 

Without-. 

...do 

Without . 

.73 

16. 71 

2.41 

85 58 

22 89 

3.30 

4 

W^ithout-- 

With 

Without - 

With .... 

.54 

11.71 

1.94 

83. 43 

21.69 

3 59 

5 

With 

---do 

---do 

Without-- 

.77 

18. 71 

2.72 

85. 46 

24 30 

3.53 

July 30 (sev- 











enth leaf): 











1 

Without-- 

Without- 

---do 

---do 

.59 

14.08 

2.68 

80 97 

23. 86 

4.64 

2 

With 

With 

With 

i With 

.88 

21.83 

3 46 

84.15 

24.81 

3.93 

3 

_--do 

Without - 

__ do 

Without-- 

.93 

23 33 

3 69 

84. 18 

25.09 

3 97 

4 

Without 

With -... 

Without . 

1 With 

.59 

13.44 

2. 49 

81.47 

22.78 

4 22 

6 

With .... 

do - - 

-do 

Without-- 

.90 

24.80 

3.87 

84. 40 

25. 83 

4.03 

August 6 











(eighth 

leaf): 











1 

Without-- 

Without- 

..-do 

...do 

.62 

14. 16 

2.82 

80.08 

22.84 

4. 66 

2 

With 

With 

With 

With 

1 13 

28.90 

4.39 

84 81 

25.58 

3.88 

3 

.- do 

Without-- 

_--do- 

Without- 

1.05 

26.43 

4 12 

84.41 

25 17 

3.92 

4 

Without-. 

With 

Without - 

With 

.63 

14. 15 

2 70 

80 92 

22 46 

4.29 

5 

With ... 

- do-. .. 

--do - ... 

Without- 

1.09 

26 88 

4.10 

84.76 

24.66 

3.76 

August 13 











(eighth 
leaf) : 











1 

Without-. 

Without - 

. do . .. 

-. do 1 

.66 

15 22 

2 93 

80. 75 

23.06 

4.44 

2 

With 

With 

With 

With 

1.08 

26.60 

3. 97 

85. 02 

24.64 

3.68 

3 

--.do 

Without. - 

-- do 

Without - 

1.06 

24. 89 

3 74 

84.97 

23. 48 

3.53 

4 

Without- - 

With 

Without. - 

With 

.58 

13 56 

2.62 

80.68 

23.38 

4.52 

5 

With 

-- do 

-.-do 

Without. - 

. 1.05 

26.49 

3 90 

84. 70 

24.28 

3. 71 

August 23 











(ninth 

leaf): 

1 

Without. 

Without- - 

---do 

...do 

.70 

15.92 

3 20 

79 90 

22.74 

4. 57 

2 

With 

With 

With 

With 

1.28 

31 34 

4. 62 

86. 26 

24.48 

3. 61 

3 

-- -do 

Without-. 

...do. . .. 

Without- - 

1.14 

26.66 

3.84 

85. 60 

23 39 

3. 37 

4 

Without- 

With 

Without- 

With 

.85 

21.29 

3.34 

84.31 

25.05 

3 93 

6 

With 

...do 

dp- 

Without- 

1. 24 

31.37 

4.70 

85.02 

26.30 

3.79 













* Leaves numbered from bottom of plant. 



Table 11. — Average weight per planty conienl and recovery per acre of the different plant-food constituent and content and yield of mcotine 
from Maryland Broadleaf tobacco grown with and without rainfall or supplemental water ^ Upper Marlboro, Md., 1935 

[Determinations based upon 15 sample plants from each of series A and B; values are averages on a moisture-free basis and corrected for smd and oth^ siliceous soil material] 


234 


Jourrud of Agrietdtural Research vo:. 76 , nob. 9, i« 


Content 

Nicotine 

Percent 

1.36 

.75 

.76 

.99 

1.05 

.37 

.25 

.30 

.37 

.31 

1.02 

.52 

.54 

.75 

.72 

Sulfur 

(S) 

Percent 

0 69 
1.00 
.92 
.88 
.93 

.31 

.39 

.44 

.40 

.38 

.56 

.70 

.69 

.70 

.67 

Magnesia 

(MgO) 

Percent 

0.75 

.64 

.58 

.84 

.71 

.41 

.34 

.34 

44 

.38 

.62 

.50 

.46 

.69 

.56 

Lime 

(CaO) 

SwcoeO'<)5eo cic4c4e<)e4 

Potash 

(K 2 O) 

Percent 

4.40 

5.07 

5.55 

5.67 
5.33 

3.89 
3.60 
• 3.90 

5.75 

3 89 

4.21 

4.35 

4.76 
5.71 

4.67 

Phos- 

Dhoric 

acid 

(P 1 O 5 ) 

Percent 

0.62 

.51 

.53 

.67 

.58 

.67 

.65 

.70 

.81 

.66 

.64 

.57 

.61 

.72 

.61 

Nitrogen 

g 

Percent 

2.57 

2.16 

2 10 
3.25 
2.54 

2 67 

2.32 
2.53 
3.45 
2.79 

2.60 

2 24 
2.31 

3.33 
2.66 

Total 

ash 

Percent 
14.85 
14.75 
16 08 
1^83 
16.01 

8.63 

7.88 

aes 

12.07 

8.52 

12.64 
11.38 
12.54 
16.30 
12 57 

Average 

weight 

per 

i 

Q. 

Orams 

31.70 

56.04 

43.84 

50.94 

59.78 

17.83 

53.89 

40.50 

30.49 

50.93 

49.54 
109 93 
84.34 
81.43 
no. 71 

Water treatment 

Irrigation 

Late 

Without 

With 

Without 

With 

Without 

do 

With 

Without 

With 

Without 

do 

With 

Without 

With.. 

Without 

Early 

Without 

With... 

do — 

W'ithout 

. - do _ 

do 

With 

do 

Without 

do 

do 

With 

do.. 

Without 

do 

Precipitation 

Late 

Without 

With 

Without 

With... 

_ do _ 

W^ithout 

With 

Without 

With 

do 

Without 

With... 

Without 

With 

do 

Early 

Without 

With 

— do - 

Without 

With 

Without 

With 

do 

Without 

With 

Without 

With 

do 

Without 

With 

Plant part ard 
treatment No 

Leaves; 

1 

2 

3 

4 

5 

Stalks; 

1 .. 

2 

3 

4 

5 

T ops (leaves and 

stalks): 

1 

2 

3 

4 

5 



Water treatment Recovery per acre 
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Nicotine 
yield 
per acre 

Pounds 
5.11 
5.15 
3 97 
6 00 
7.54 

.80 

1.58 

1.49 

1.34 

1.88 

u» <c> to a> 

Sulfur 

(S) 

Pounds 

2.57 
6.67 
4.83 
5.38 

6.58 

.62 

2.54 

2.17 

1.43 

2.25 

os^Of^eo 
•-I C4 O 00 Ub 

CO oi 00 

.a^ 

io 

S 

Pounds 

2.80 

4.29 

2 94 
5.04 
5.03 

' esi f-,' c4 


Lime 

(CaO) 

Pounds 
12.48 
21 41 
16.45 
26.05 
23.76 

C>I*-i»h01QC 
c4 «o 

14.72 
27.58 
21 62 
31.02 
29 62 

Potash 

(KjO) 

Pounds 
16 79 
34.00 
29. 21 
34.67 
38 07 

CO M ^ 5 »>. 

*SS28S5 

25 13 
57.25 
48.38 
55 63 
61.81 

Phos- 

phoric 

acid 

(PjOs) 

Pounds 

2 34 

3 35 
2.70 

4 06 
4. 10 

1.42 

4 10 

3 36 
2. 95 
4.00 

3 76 

7 45 

6 06 

7 01 

8 10 

B 

Pounds 

9 72 
14 47 
11 10 
19.93 
18. 18 

5. (1 
14.97 
12.50 
12 55 
16.96 

15. 43 

29.44 
23 60 
32.48 
35 14 

Total 

ash 

Pounds 
56.47 
99. 18 
84.78 
114 88 
114.44 

18.28 
50 96 
42 73 

43.98 

51.98 



r 


Nico- 

tine 

Gram 

0.079 

.039 

.036 

.046 

.057 

k. 

"3® 

DO 

Oram 

0.040 

.051 

.043 

.041 

.049 

sis 

Oram 

0 043 
.032 
.026 
.039 
.038 

Lime 

(CaO) 


J3^ 

pfcd 

s* M3 1'. CO CO M5 

c® 

Phos- 

phonc 

acid 

(P 2 O 4 ) 

B tc to "tr — t ^ 

Issggg 

(3® 

Nitro- 

gen 

(N) 

|§§ii2S 

c® 

3^ 

0 a 

Oram 

0.863 

750 

747 

.875 

.858 

Area 

Dry 

matter 

Grams 

5 819 

5 072 

4 653 

4 645 

5 364 

Square 

feet 

5 55 
11 04 
9.45 

10 96 

11 15 






A’C 




{?ps 




>‘ta 

Si! 

=■-2 

Sii'iiiniiiii 

» « CM W ^»0.* f-l CM W W MOSCOW 

H -T! g. 

t- 


JCJSJSXS-C 




'5 w 

gg 


— . ■ 3 
O • O O 


3 3 'C 3 3 


s;? 


111 

II 


i S 
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236 


Journal of Agricultural Research voi. 76 . Nos. 9. lo 


(table 11). However, there was one notable exception: the greatest 
recovery of total ash and most constituents that make up the ash 
took place in plants on the control plot. The lowest took place con- 
sistently where the^soil was held diw during the entire period (treat- 
ment 1;. However, on the basis of recovery per square foot of leaf 
surface, the leaves grown under the dry condition early in the season 
showed higher recovery of all constituents except potash and sulfur 
than those grown under other treatments. 

The results of the analysis of the 1936 crop from series B (table 12) 
showed much the same relations as those for 1935 (table 11). The crop 
grown under dry conditions (treatment 1 ) had the highest percentage 
of nitrogen and the greatest content per unit area of leaf, but a lower 
recovery in pounds per acre than the crop that received treatment 5 
because of the small size of the plants. The percentage of potash 
was about the same in the leaf produced on the control plot as in that 
grown under irrigation, but the highest total recovery in pounds per 
acre took place where supplemental water was added. Again, the 
lowest recovery in pounds per acre took place in plants grown where 
water was withheld. The main difference appears to be one of size 
of plant rather than increased percentage of any constituent. The 
exceptions to this generalization were the liighest percentage of 
nitrogen in leaf of plants grown for the entire period with low soil 
water (treatment 1) and the lowest percentage of nitrogen in the leaf 
grown under irrigation (treatment 2), apparently the result of leaching 
from the soil. 

In both 1935 and 1936 the percentages of nicotine in the leaf and 
stalk of plants grown without water (treatment 1) were distinctly 
higher than in those of plants grown with irrigation throughout the 
season. Nicotine content per unit area of leaf was also highest in plants 
grown without water. The application of water late in the season 
produced a higher percentage of nicotine as well as a larger amount 
per square foot of leaf area than other irrigation treatments. The 
percentage of nicotine was lowest where there was continuous irriga- 
tion. These comparisons seem to bear some relation to the nitrogen 
content. The yields of nicotine on the acre basis did not show the 
same relation 'to the treatments that the percentages did because of 
compensation in size of plants. 

Some studies were made to determine the effect of irrigation on 
the organic constituents of tobacco (table 13). In the late stages of 
growth starch and sucrose were definitely higher in the leaf grown 
under dry conditions (treatment 1) than in that grown with abundant 
inoisture (treatment 2). Leaf composition of control plants was 
similar to that of leaf subjected to treatment 1 . There was apparently 
a difference in the content of reducing sugars. 

YIELDS, VALUE, AND QUALITY OP THE CROP 

The yields and value of the crop are in the last analysis the best 
tangible measure of the product. The crop must bo acceptable to 
the trade to become an economic factor in agriculture. It is not always 

g ossible or easy to obtain a true picture of yield and value relations, 
ut carefully conducted tests for a period of years offer the best 
available approach. The results presented in table 14 show striking 



Table 12. — Average weight per plant, content and recovery per acre of the different plant-food constituents, and content and yield of nicotine 
from Maryland Broadleaf tobacco grown with and without rainfall or supplemental water, Lpper Marlboro, Md., 1936 

[Determinations based upon 24 sample plants from series B (moisture-free basis and corrected for sand and other siliceous soil material)] 
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Content 

Nicotine 

Percent 
2.10 
1 39 
1.92 

.44 

.39 

.47 

1 49 
.93 
1 31 

Sulfur 

$ 

Percent 

0 54 
70 
.63 

.23 

.31 

29 

.43 

.53 

.48 


SO 

ii 



Lime 

(CaO) 

Percent 

4 02 
3.76 

3 09 

1 18 
.97 
.85 

2 98 

2 50 

2 15 

Potash 

o 

Percent 

5 25 

6 76 

7 04 

4 85 
4.86 

5 20 

5 10 

5 90 

6 26 

Phos- 

phoric 

acid 

(PjOs) 

Percent 

0 57 
53 
.57 

.54 

.69 

.69 

.56 

.60 

.62 

; 

Total i Nitrocen 

g 

Percent 

3 93 
2.02 
2.81 

2.99 

2 49 
3.08 

3.59 

2 23 

2 92 

ash 

Percent 
17.01 
18 46 
17 84 

10 09 

9 79 
10.10 

14 48 
14 55 
14 58 


Average 
weight 
ner nlant 


Prame 

40 93 
79.79 
69 90 

23 58 
65 62 
50 99 

64.51 
145 41 
120.89 

Water treatment | 

Irrigation j 

Late 

Without 

With 

Without - 

do 

With 

Without - 

... do 

With 

Without 

Early 

Without 

With 

Without 

do 

With. 

Without 

do 

With 

Without 

Precipitation 

Early Late 

1 

■ 1 

Without ' Without 

With , With 

do ...do 

Without ’ Without 

With With. 

do ■ do 
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stalks): 
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Pounds 
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Table 12 . — Average weight per plant, content and recovery per acre of the different plant-food constituents, and content and yield of nicotine 
from Afaryland Broadleaf tobacco grown with and without rainfall or supplemental water, Upper Marlboro, Md., 19S6 — Continued 
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Table 13. — Average area, green weighty dry weight, moisture content, dry matter per square foot, and percentage of starch, reducing sugars, and 
sucrose of leaves of Maryland Medium Broadleaf tobacco grown with and without rainfall or supplemental water, Upper Marlboro, Md., 1939 
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1 Corrected for sand and other siliceous soil material. 
» Time of flowering and topping. 
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and consistent differences in yi^d and gross value per acre of tobacco. 
These differences were the result of variation in rainfall and additions 
of supplemental water to the field-grown crop. There necessarily are 
variations in the results from year to year and between the two soils, 
but the yields and values obtained show somewhat the same relations 
each year. 

Possibly the most notable variations were shown by tobacco grown 
on the control plot under normal rainfall (fig. A); sometimes the yield 
was as large and the value as great as for crops produced with addi- 
tional water. However, this is to be expected, since under ideal distri- 
bution of rainfall the results from the control treatment could even 
exceed those obtained from irrigation, as the excess water might cause 


4 




1 


Figurk 5. — Tobacco grown (A) under prevailing rainfall and (B) without rainfall 
or sui)plonientary water. Border plants were removed just j)rior to harvest. 
The scaffolding shown was for the support of the canvas. Photographed 
August 26, 1936. 

leaching and reduce the yields and values; if tlie season were unusually 
dry, however, the results might approach those from area 1, which 
received no water from rainfall or irrigation. The highest average 
value was obtained by the addition of supplemental water as required 
throughout the growing season (fig. 6, A ) ; the highest yield and the next 
highest value were obtained for tobacco from the plot where water 
was withheld late in the season. The control plot gave the next 
highest average yield and value. This was followed by those of the 
plot which received water only late in the season. The lowest yields 
and values were obtained from area 1 from which water was withheld 
during the entire growing period. These same relations are evident 
in the average price per pound; the highest price obtained was for the 
leaf from the irrigated plot. 

The stalk yields showed much the same relations as the leaf yields, 
but the highest percentage of leaf was found with the lowest vields 
(treatments 1 and 4) and the lowest percentage of leaf was found with 
the highest yields (treatments 2 and 3). Although a large stalk is not 
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desirable, it appears that with the present varic'ties the stalk yi(»ld 
increased out of proportion to the leaf yields. 

The average value of the crop for the years covered by the test 
indicates that there is no great advantage in using supplemental water 
in addition to normal rainfall. It should be pointed out that the 
rainfall was usually adequate during the years covered by the test; 
however, if such a season as 1930 or 1943 had occurred, th(^ results 
from irrigation would have been more striking. It seems to be clear 
that a higher quality product is consistently produced, as indicated 
by the -average price per pound, by the use of irrigation as a supjih*- 
ment to natural rainfall. If economic conditions should change so 
that high-quality leaf would demand a greater premium, the use of 



Figure 6. — Tobacco grown (^4) with prevailing rainfall and supplementary water 

when required and (B) with the prevailing rainfall a.s the only source of water. 

Photographed August 26, 1936. 

irrigation might be more profitable. These relations are further 
brought out in table 15, in which percentage of leaf for each grade is 
shown. These grades do not represent equal samples, but they indi- 
cate quality relationships. The high percentage of dull, or tip, grade 
indicates immaturity of leaf (treatments 1 and 4). 

It is generally recognized by the trade that good fire-holding 
capacitv is a prime requisite of Maryland tobacco. The high quality 
of the leaf produced as a result of irrigation is well illustrated by 
table 16, in which the fire-holding capacity is shown. The leaf pro- 
duced on the plot kept dry during the entire period showed a low 
fire-holding capacity, as dia the leaf grown on the plot that got late 
irrigation. There was apparently some reduction in fire-holding 
capacity of the leaf produced on the area kept dry for only 2 to 3 
weeks before harvest. Where supplemental water was added through- 
out the period of growth, the leaf showed the highest fire-holding 
capacity. As was to be expected, the leaf grown on the control area 



Table lb~Proporiion of leaf tobacco in each farm grade in crape grown with and without rainfall and supplemental water. Upper Marlboro 
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* Calculated from original data. 
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was erratic in fire-holding c^apacity from season to season, but on the 
average it approached that of the leaf ‘’grown on the area irrigated 
throughout the season. 


Table 16. — Fire-holding capacity of leaf tobacco grown with and without rainfall and 
supplemental water, Upper Marlboro, Md,, 1934~36 and 1938-39 



Water treatment 

Average duration of glow 

Series and 



1 








treatment 

Precipitation 

Irrigation 







No. 





1934 

1935 

1936 

1938 

1939 

Avor- 


Early 

Late 

Early 

Late 












Sec- 

Sec- 

Sec- 

Sec- 

Sec- 

Sec- 

Series A: 





onds 

onde 

onds 

onds 

onds 

onds 

1... 

Without. 

Without. 

Without- 

Without 

3.« 

4 7 

9.3 

3.6 

6.0 

5 9 

2 

With... 

With.... 

With.... 

With.... 

13.3 

26.1 

37.4 

19 7 

11 0 

2:^ 6 

3 

do__ 

Without. 

do 

Without- 

33.5 

13.1 

28.8 

12.1 

7.1 

15.3 

4 

Without- 

With.... 

Without 

With - 


5. 1 

8.0 

3.3 

6. 6 

5. 5 

5_. 

With.,.. 

do 

do... 

Without 


12 5 

34.4 

24.6 

10.6 

20 5 

Series B: 











1 

Without 

Without- 

.... do.. 

do... 

6.9 

4.8 

6.8 

24.3 

6.6 

10.4 

2 

With.... 

With...- 

With... 

With.... 

10.7 

12 6 

25.6 

67.5 

15.7 

30 4 

3 

do 

Wlthout- 

do 

Without. 

48 1 

28 4 

26.8 

55. 5 

9 8 

30. J 

4..._ 

Without. 

With_... 

Without 

With... 


10 1 

6.9 

37.6 

7.2 

15. 5 

5 

With... 

do-_ 

do... 

Without 


7.4 

16 6 

87.4 

5 9 

29.3 

Both series: 











1 

Without- 

Without. 

do... 

— do_- 

6.4 

4 8 

8 1 

13 9 

5 8 

8 2 

2 

Wlth.... 

With- 

With.... 

With... 

12 0 

19 4 

31 5 

43.6 

1 13 4 

27. 0 

3 

do-_- 

Without 

do... 

Without 

40 8 

20.8 

27 8 

33. 8 

8 5 

1 22 7 

4 

Wlthout- 

With ... 

Without 

With... 


7.6 

7.5 

20 5 

6.4 

10. 5 

6 

With.... 

do... 

do.. 

Without 


10.0 

26.5 

56.0 

8. 3 

24 9 


' liW 4 results not included. 


DISCUSSION 

The studies to determine the effects of irrigation were carried out on 
typical tobacco soils of southern Maryland; the heavier soils of this 
section were not represented . In other words, these tests were cun- 
ducted on light soils that are subject to the leaching common under 
field conditions. Heavy soils are generally poorly suited to the pro- 
duction of Maryland tobacco and many other types because water- 
logging sometimes occurs. Irrigation, or the use of supplemental 
water, on heavy soils if followed by heavy rainfall might result in 
insufficient oxygen for proper root development; it might even cause 
destruction of the greater part of the functioning roots. The over- 
head irrigation system used in this experiment was preferred since it 
washes the leaves much as rainfalhdoes and is the desirable niethod 
for use on light soils subject to leaching. 

There is reason to believe that the leaf tobacco produced on the 
areas held dry for the entire period of growth was not the typical 
dry-season product, since it Was grown under very extreme conditions. 
In dry seasons soil is usually wet for a time and then is extremely 
dry for a period longer than the 2 to 3 weeks prior to harvest that 
certain areas in these experiments were kept dry. It is also true 
that atmospheric humidity above the dry soil area was not reduced, 
whereas it would be reduced during a dry season. However, the 
addition of water late in the season to an area which had been held 
dry for 2 to 3 weeks before harvest resulted in the succulent immature 
or second growth which produced cured leaf of poor quality. 
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Anderson and his associates (i , J?, S) recognized the effect of leaching 
where irrigation is practiced and used nitrates to offset it. It should 
be recognized that accurate control of supplies of nitrate as well as 
of all other nutrient relations is desirable, but such control is diffi- 
cult if not impossible to attain under field conditions. It is chiefly 
these relations that produce responses in any field study of irrigation 
effects on growth of tobacco. 

The effects of irrigation during the early part of the season or 
throughout it on weight per square foot of leaf area are consistent in 
that leaf produced on irrigated plots weighed less than that pro- 
duced on plots from which water was withheld. This would appear 
to indicate a lower density per unit area, as the leaves were definitely 
larger. The striking and consistent effect of irrigation in increasing 
the potash content of the leaf may be a partial explanation of the 
liigh quality of the product. Previous work (15) had shown a prod- 
uct of higher quality where liberal potash applications wer(‘. made. 

The higher nicotine content of leaf produced under dry conditions 
would appear to contradict the results previously reported when 
tobacco was grown for studies of nicotine production The 

earlier tests demonstrated that irrigation generally increased the 
nicotine content, other factors being equal. However, it should be 
pointed out that thp tesks under discussion were (‘diducted on soils 
of low fertility, particularly low in nitrogen, whereas th(‘. previous 
tests were conducted on highly fertile soil. 

The improvement in fire-holding capacity of the leaf associated 
with abundant moisture from rainfall and supplemental water through- 
out the growing period appears to be an established fact. Such 
leaves had a lower weight per unit area as well as a higher content 
of potash. 

SUMMARY 

Irrigation experiments with tobacco were carried out on liberally 
fertilized loamy sand and sandy loam, typical tobacco soils of south- 
ern Maryland. Precipitation was withheld by means of a movable 
canvas from one area and supplementary water was added when 
required to another area in an attempt to simulate dry- and wet- 
weather conditions simultaneously on adjacent areas. The treat- 
ments were continuous throughout the season on two areas and were 
reversed late in the season on two others. The responses in growth 
and composition of tobacco subjected to the four treatments were 
compared with those of tobacco subjected to the prevailing weather 
conditions on a fifth area. 

A larger leaf with a lower weight per unit area was produced when 
irrigation was used as a supphiment to rainfall during the early part 
of the season or throughout it. The leaf area per plant produced 
with irrigation was about 25 square feet for the Maryland Broadleaf 
variety and 21 square feet for the Maryland Medium Broadleaf 
variety; these values were approximately double those for leaves 
produced where water was withheld during most of the growing period. 

The cured leaf from tobacco subjected to irrigation treatments 
absorbed a higher percentage of moisture when exposed in a constant- 
temperature and humidity room than did leaf grown under dry 
conditions. 
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The most outstanding differences in composition of leaf were the 
higher potash percentage in leaf from plants grown on irrigated areas 
and the higher nitrogen percentage in the leaf from plants grown under 
dry conditions throughout the growth period or during early growth. 
The leaf produced under dry conditions during early growth or 
throughout the growing period was also definitely higher in nicotine; 
the nicotine content paralleled the higher nitrogen content. The 
highest percentage of ash was found in the leaf produced on areas to 
which water was supplied during the last 2 to 3 weeks before harvest 
and the lowest ash in leaf produced on areas from which water was 
withheld for most of the growing jieriod. 

The average yield, value, and price per pound of leaf tobacco were 
consistently in favor of using supplemental water with rainfall rather 
than withholding both. The Advantage from the use of supplemental 
water, when compared with rainfall only, did not show up so decisively 
or so consistently, since during the period covered by this test the 
rainfall was generally almost adequate for normal growth. Never- 
theless, on the average, there was a small increase in value when sup- 
plemental water was used during the early part of the growing period 
and throughout it. Withholding water during the early part or 
throughout the growing period resulted in a leaf of poor quality as- 
sociated with immaturity, as indicated by the high percentage of 
leaf in the dull, or tip, grade. 

The fire-holding capacity of the leaf was strikingly and consistently 
improved by the use of supplemental water during early growth in 
addition to rainfall. 
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EFFECT OF INITIAL ACIDITY ON CALOTJM AND MAG- 
NESIUM REQUIREMENTS OF TOBACCO IN ASEPTIC 
CULTURE ^ 


By Robert A. Stein bkro 

VUysiologiHtf Division of Tobacco^ MedivAnah ntid Special drops, Ifurcnn of J*lant 

Industry^ Soils, and Agricultural Engineering, Agricultural Jtcscarrh Admin- 

istration, United States Department of Agriculture 

INTROnUOTION 

A great deal of investigational work lias been done on the relation 
of acidity to the growth of plants. A summary by Russell - mentioned 
the fact that a slight degree of acidity is usually beneficial in solution 
culture. He continued with the statement: “In soils, on the other 
hand, plants make their best growth in neutral or nearly neutral 
conditions."’ Definite evidence is available, however, that this general- 
ization is too broad and that acidity may or may not be beneficial in 
either growth medium.^ A summary by Pettinger ^ seems to indicate 
that many soils suitable for good crop jiroduction are acid in char- 
acter. These writers emphasized not acidity in itself, but its influence 
on availability of nutrients. Similar evidence was presented by 
Albrecht and Schroeder. Arnon and Johnson found in addition 
that an increase in calcium ions could compensate for decreased avail- 
ability of calcium due to excessive acidity. Acidity of the growth 
medium, therefore, would seem to be only one of many factors influenc- 
ing availability, and not the all-important factor it was first considered. 

A brief study, therefore, has been made on the relation of acidity 
in the range pH 4 to 7 to the calcium and magnesium requirements 
of seedlings of Xanthi Turkish tobacco {Nicotwna f abaci/ m L.) in 
aseptic culture under controlled environmental conditions. The ab- 
sence of extraneous micro-organisms in such studies is not usually 
considered important, although no evidence for this assumption is 
known. The data obtained with increasing quantities of calcium and 
magnesium at several initial acidities of the nutrient solution are 
presented in the form of growth curves. 

^ Received for i)ubliention January 27, 1947. 

*Russeli., E. J. soil conditions and plant growth. Ed. 7, C>55 pp., illus, 
1937. (See p. 121.) 

Hoaoland, D. R. lectures on the inorganic nutrition of plants. 226 pp., 
illus. 1944. 

* Pettinger, N. A. a useful chart for teaching the relation of soil RtiACTioN 
TO THE AVAlIJVBILITy OF PLANT NUTRIENTS TO CROPS. Va. Agl*. Col. Ext. Bul. 136, 
19 pp., illus. 1935. 

“Albrecht, W. A., and Schroeder, R. A. plant nutrition and thf, hydrogen 
ION ; I. plant nutrients used most EFFE<’TIVE1.Y in the presence OF A SIGN I FI - 
( ANT concentration OF HYDROGEN IONS. SoU S(!l. 53 I 313-327, illus. 1942. 

“Arnon, D. I., and Johnson, C. M. influence of hydrogen ion concentration 
ON THE growth OF HIGHER PLANTS UNDER CONTROLLED CONDITIONS. Plailt Pliysiol. 

17; 525-539, illus. 1942. 
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EXPERIMENTAL. PROCEDURE 

Xauthi Turkish tobacco seedlings were grown on 50 cc. of a mineral- 
salt solution in 200-cc. Pyrex Erlenrneyer flasks under aseptic con- 
ditions. The temperature used was 25° C., and light of about 500 
foot-candles was lurnished by 3,500° white fluorescent lamps. The 
growth period was 28 days. 

The mineral-salt solution consisted of water, 1,000 cc.; Ca(N08)2*~ 
4H2O, 1.444 grn.; Mg.(N08)2.6H20, 0.318 pn.; K2HPO4, 0.366 gm.; 
KHSO4, 0.085 gm. ; and NH4CIJ 0.072 gili. Separate stock solutions of 
calcium nitrate, magnesium nitrate, and potassium phosphate plus 
potassium bisulfate plus ammonium chloride in 20 X (concentration 
were used in the preparation of the mineral-salt solution. In preparing 
cultures with varying quantities of calcium ion, calcium nitrate was re- 
placed with 1.039 gm. of sodium nitrate (NaNOs) and calcium was 
added as the chloride. Magnesium nitrate, similarly, was replaced 
with 0.211 gm. of sodium nitrate in the study of magnesium concentra- 
tions. The base solution, therefore, contained nitrogen, 225 mg.; po- 
tassium, 189 mg.; phosphorus, 65 mg.; magnesium, 30 mg.; calcium, 
245 mg. ; and sulfur, 20 mg. per liter. Micronutrients, except for boron 
(HaBOa), were added to this solution as the chlorides. The quantities 
used were iron, 15 mg. ; zinc, 0.5 mg. ; copper, 0.125 mg. ; manganese, 1.0 
mg.; and boron, 0.5 mg. per liter. Acidity was adjusted with 0.1 N 
hydrochloric acid. 

The composition of the mineral-salt solution was equivalent to that 
used by McMurtrey^ in solution-culture studies with tobacco. It 
differed only in that potassium was increased from 125 to 189 mg. per 
liter and in that potassium nitrate, monopotassium phosphate, and 
magnesium sulfate were replaced with dipotassium phosphate and 
potassium bisulfate, the other salts being readjusted in concentration. 

The cultures in the magnesium series contained 57.1 mg. of sodium 
ion per liter and those in the calcium series 281.1 mg. in addition to 
all the essential elements. Addition of hydrochloric acid for pH 
adjustment totaled not more than 28 mg. of chloride ion per liter, as 
compared with the 31 mg. originally present as ammonium chloride. 
Use of the chlorides of magnesium and calcium further increased the 
chloride-ion content by a maximum of 29.2 and 442.3 mg. per liter, 
respectively, depending on the particular concentration of magnesium 
or calcium ion employed. 

The tobacco seeds were germinated in sterilized petri dishes contain- 
ing a layer of blotting paper and several layers of filter paper. Seeds 
sterilized by immersion in 1:1,000 silver nitrate solution for 15 
minutes were washed several times Ivith sterile distilled water and then 
poured as a water suspension into the petri dishes. With a flamed 
platinum needle the seedlings were transferred to sterile Erlenrneyer 
flasks containing the nutrient medium and deposited on a double 
layer of filter paper held in a plant holder. This holder consisted of a 
glass rod 4 mm. in diameter which passed through the absorbent cot- 
ton in the neck of the flask and had a glass ring fused to its lower 
end. The filter-paper disks were held in this ring by means of a 
loose inner glass ring as shown in figure 1. The eciges of the paper 

’McMubtbey, J. E., Jr. distinctive effects of the deficiency of ceetain 
essential elements on the gbowth of tobacco plants in solution cultubes. 
U. S. Dept. Agr. Tech. Bill. 340, 43 pp., Ulus. 1933, 
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disks were bent down and forced between the rings to keep them in 
position and were then perforated. Tlie purpose of the holder was 


Figure 1 . — Tli ree- week-old 
sef‘dling of Xaiithi Turk- 
ish tobacco growing un- 
der aseptic conditions. 
A glass rod with fused-c»n 
ring passes throngli the 
al)sorbent-cotton plug. 
Two filter-paper disks, 
w h i ch are perf o ra t ed 
with a needle after in- 
sertion in holder, are 
held in place in the ring 
by means of a loose inner 
glass ring, the edges of 
the i)aper disks being 
forced between the two 
rings. 



to prevent contact of all but the roots of the plant with the solution. 
All glassware and media w’ere sterilized at 15 pounds’ pressure for 
30 minutes. 

At harvest the seedlings were washed, dried in the oven at 103° 
to 105° (y. for 4 hours, cooled in the desiccator, and then weighed. 
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Two of the four duplicate seedlings were weighed together as a unit 
in each determination. Statistical methods appeared inapplicable, 
since it was necessary to reject about 10 percent of the seedlings be- 
cause of contaminations with micro-organisms and unintentional 
injuries during transfer to the flasks. Some injured seedlings did not 
grow out of the cotyledon stage. 

INFLUENCE OP ACIDITY ON CALCIUM REQUIREMENT 

The effects obtained by varying the calcium content on the growth 
of the seedlings at four levels of acidity are shown in figure 2. The 
initial acidity levels were pH 6.48, 5.98, 5.42, and 4.89. Each value 
for dry weight is the average for eight seedlings, or for four in each 
of two determinations. The acidities at harvest were obtained by 
mixing the four residual solutions in each run and averaging the pH 
values in both runs. The averages found in this manner are not true 
pH values, but the deviations for the small variations encountered ai e 
j)robably well within those of experimental error. 

It will be observed that in the solution at pH 6.48 the (‘alciiim opti- 
mum for growth was about 100 mg. j>er liter and tliat residual acidity 
of the solution increased with calcium content. The increase in acidity 
I)ersisted even wdth decreasing yields. At an acidity level of pH 5.98 
the growth curve was much flatter because of the slightly increased 
yields at deficiency levels of 25 and 50 mg. of calcium ])er liter. A 
contributing factor w’as a modehite decrease in maximum yield. 
Acidities at harvest also increased at this initial i)H, but less tlian at 
pH 6.48. 

INFLUENCE OF ACIDITY ON MAGNESIUM REQUIREMENT 

The relation of magnesium requirements to acidity of the nutrient 
solution is shown in figure 8. Determinations were made at three levels 
of initial acidity — pH 5.96, 5.81, and 4.34. The number of re])etitions 
and the method of averaging values were the same as those in the 
calcium series. At pH 5.96 the maximum yield was obt ained with 6 mg. 
of magnesium per liter. Increasing acidity decreased maximum yields 
only slightly and did not alter the optimum magnesium concentration. 
Increasing acidities also caused slight decreases in yield with sub- 
optimum concentrations of magnesium. At harvest acidities were in 
all cases approximately the same and were influenced but little by the 
initial acidity of the nutrient solution. 

DISCUSSION 

Adjustments in hydrogen-ion concentration and magnesium or cal- 
cium content of the nutrient solution are of course not feasible with- 
out alterations in other constituents. Moreover, it seemed advisable 
in these experiments under aseptic conditions to follow the usual 
procedure of using sodium and chloride ions, that is, sodium nitrate, 
hydrochloric acid, and the chlorides of magnesium and calcium. The 
basis for this procedure is the apparent nonessentiality of sodium and 
cMorine for growth of green plants. Nevertheless, sodium and chlo- 
ride ions cannot be assumed a priori to be without influence on growth. 
Similar series employing fluctuations in essential ions might also be 
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CALCIUM PER LITER (MILLIGRAMS) 


Fkjube 2. — Average acidities of solutions at Inirvest and average weiglits of 
Xanthi Turkish tobacco seedlings grown for 28 days with continuous illumina- 
tion of 500 foot-candles in nutrient solutions containing different amounts of 
calcium and having different initial acidity levels : A, pH 4.39 ; B, pH 5.42 ; V, 
pH 5.98 ; and /), pH 6.48. 


pH VALUE 





256 Journal of Ji (frioultural Remarch Voi. 75, Nos. o, lo 

desirable for comparison, though it would be necessary to use initial 
excesses in order to avoid deficiencies. 

The degree of influence of sodium and chloride ions in the calcium 
and magnesium series is indicated in several ways by the experimental 


FINAL pH 



0 2 4,6 6 10 2 

MAGNESIUM PER LITER (MILLIGRAMS) 

Figure 3. — ^Average acidities of solutions at harvest and average weights of 
Xanthi Turkish tobae^*o seedlings grown for 28 days with continuous illumina- 
tion of 500 foot-candles in nutrient soiutions containing different amounts of 
magnesium and having different initial acidity levels : A, pH 4.34 ; ii, pH 5.31 ; C, 
pH 5.90. 

data. The maximum yields in the two series were 63 mg. for magne- 
sium and 60 mg. for calcium at the highest initial pH employed. The 
effects of a fivefold increase in sodium ion and of a sixfold increase in 
chloride ion as between the series are therefore rather small. More- 
over, though the highest concentrations of chloride are concomitant 
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with those of inagnesiurii and calcium, the depressions in yield at higli 
nutrient levels were greatest in the magnesium series containing only 
one-fifth the chloride content. Furthermore, no symptoms of injury 
attributable to sodium or chlorine could be detected in either series. 

The effects of increasing acidities on recjuirements of Xanthi Turk- 
ish tobacco seedlings were not entirely uniform for calcium and mag- 
nesium. With magnesium maximum yield decreased with increasing 
acidities within an initial range of jiH 5.96 to 4.34. Since the optimum 
concentration of magnesium lor growth remained unaltered, the mag- 
nesium requirement was thereby increased slightly. Increasing acid- 
ity also decreased maximum yield with calcium concentrations and 
so also increased the calcium requirement for growth. Increased acid- 
ity, however, increased yields at suboptimum concentrations of cal- 
cium and thus brought about a relative decrease in calcium require- 
ments at intermediate acidity levels in the more acid series. At an 
initial acidity of pH 6.48, for example, yields with 25, 50, 75, and 100 
mg. of calcium per liter were 49.6, 52.8, 56.4, and 61.2 mg., respectively ; 
whereas the corresponding yields for an initial acidity of pH 5.98 
were.51.3, 54.4, 51.5, and 56.3 mg. There was also a slight increase in 
absolute values for yields in the more acid series at subo])tiniuni levels 
as compared with the less acid series. Furthermore, it should be noted 
that maximum yield was attained with 75 ing. of calcium witli an ini- 
tial pH of 5.98, whereas 100 mg. of calcium was required at pH 6.48. 

These data cannot, however, be considered as proof that growth 
responses to calcium and magnesium display an intrinsic qualitative 
difference. The ranges used v’^ere not identical; that for magnesium 
extended from 0 to 166.67 percent of the optimum, whereas that for 
calcium was 0 to 250 percent of the optimum. Moreovei*, it is not cer- 
tain but that the coiu’entrations of other macronutrients and of the 
micronutrients used in the nutrient solution form the basis for these 
qualitative differences. 

These data seem to indicate that acidity is not necessarily beneficial 
in a solution culture but that its action is dependent on the composition 
of the nutrient solution. Maximum yields were obtainable without 
resorting to an increased acidity to increase availability of nutrient 
ions. On the other hand, if a stock solution of much lower calcium 
content had been used, it is evident that increased acidity^ would have 
proved beneficial in the calcium series and perhaps also in the mag- 
nesium series. These statements might be summarized by stating that 
acidity may prove harmful to growth if all nutrient ions are present 
in ample quantity, but beneficial if there is a deficiency of calcium and 
perhaps of other elements. 


SUMMARY 

Xanthi Turkish tobacco seedlings were grown aseptically on 50 cc. 
of a mineral-salt solution in 200-cc. Erlenineyer flasks at 25® C. with 
500 foot-candles of white fluorescent illumination. The calcium 
and magnesium optima for growth were determined at several levels of 
initial acidity witnin the range pH 4 to 7 (adjusted with hydrochloric 
acid). Increased acidity brought about increased calcium and mag- 
nesium (as chlorides) requirements by decreasing growih wdth identi- 
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cal supply of these elements. Growth decreases were greater with 
increased acidity in the calcium series than in the magnesium series. 
Moreover, although the concentration -yield curves tor magnesium 
remained practically unaltered in form with varying aciditj, the 
analogous calcium curves tended to become straight. That is, the 
optimum for magnesium remained unaltered whereas that for calcium 
decreased with acidity. The residual solutions at harvest were usually 
slightly more acid than the unused nutrient solutions and were rather 
uniform in acidity under varying conditions. 
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POPULATION DISTRIBUTION OF THE BEET LEAFHOP- 
PER IN RELATION TO EXPERIMENTAL FIELD-PLOT 
LAY-OUT • 


Pfy Myles F. P»owkn • 
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rulttnal RcHeatch AdontiiKinAiou, lAiHed Staff's Dopartmi'af ftf Ai/rivutt arc 

INTJtODrcrnON 

111 field experiments to determine the relative merits of diffeient in- 
secticides or other treatments for eontroliin^ insect infestations, ex- 
perimental designs such as the randomized block and the Latin square 
are frequently used. Such designs reduce the erroi* of the experiment 
hy restricting each comparison of unlike treatments to a limited jiail 
of the experimental field, thus ^ivin^ treatment comparisons that are 
in a measure independent of location differences in the derive of in- 
fest ation. 

These designs are also well adajited to analysis of variance (7^0-' 
By this method of analysis the error reduction achieved l)y the design 
of the experiment may be evaluated and removed from the estimate' 
of experimental error, thus increasing the precision with which the 
effects of treatment may he measured. Restri(*ted designs are there- 
fore justified on the general assumption that their use, together with 
the proper method of analysis, will .significantly reduce the error vari- 
ance, and thereby increase the etiiciency of the experiment. 

The nature of the distribution of the beet leafhopper (Eatcttir 
tericJIutf (Baker) ) in a particidar field of sugar beets was studied on 
different dates, and with the data obtained from sampling beet-field 
populations, the relation between experimental desiirn and the dis- 
tribution of insect po[)ulations was determined. 

l^FATEKIAPS AND METHODS 

In May 19;17 a field approximately 4^/2 acres in area near (Tiand 
Junction, Colo., planted with F. S. No. sugar beets {Beta ruhjaris 
L.) resistant to curly toj^ was selected for the experiment. The field 
was divided into 36 equal-sized plots to form a 6X6 Latin square 
(fig. 1). 

Each plot was 91 feet long and 60 feet (36 rows) wide, the rows 
being spaced 20 inches apart. The area of a plot was thus about Vs 

’ Received for piddication April 2S, 1047. 

" Tlie author is indebted to W. C. Cook for sujrgestions and eiwourageinent in 
the jireparation of this manuscript, and to Myron E. Hall, who assisted in obtain- 
ing the field samples 

'Italic numbers in parentheses refer to Literature (4ted, p. 277. 
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FKiUKK 1. — DiHgraiii of experimonlal field giving tlie total number of adnlt beet 
leafhoppers found on 10 beets in each plot on May 20 (upper figure) ; .lune 4 
(middle figure) ; and August 20-27 (lower figure). 

acre. At the time of thinning, the beets were spaced 10 inches apart 
along the rows. 

Quantitative samples of the beet leafhopper population were ob- 
tained with a square-foot sampling cage essentially the same as that 
described by Hills (74)- ihe first series of samples was taken in the 
field on May 20, 1937, shortly after the second influx of migrant beet 
leafhoppers into the Grand Valley fields, and about the time that the 
infestation was at its peak. The field was sampled again on June 4, 
when the migrant populations were on the decline, and again on 
August 20-27, after there had been brood development within the 
field. Ten square-foot cage samples were taken at random ^ in each 
plot on each date, or a total of 360 samples for the field. The adult 
leafhoppers were counted and recoi*ded. 

* Samples were chosen by moving about the plot with the head and eyes 
stopping at irregular intervals, and at each stop selecting the leafhoppers .frpth 
the sixth beet along the row from the beet nearest the toe of the right foot. 
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The data obtained at each sampliiifij were fitted to various theoretical 
distributions and tested by x‘. 

A study of the plot variation and tlie effect of local control in re- 
ducing experimental error was made by the metluxl of analysis of 
variance. All of these analyses are on a sin^le-samjile liasis. 

NATUKE OF THE J )lSTUlIUITION OF BEET LEAFIK )1T»EK ForFLATlONS 
EAKJA' SEAS(»N MIOKANT roPlJEATIOX 

The nature of the sampling data suggests a discontinuous distribu- 
tion such as is described by a l^hsson scries, a negative binominal (77, 
or Neyrnan’s (7Jj) contagious distribution, whi(*h has been 
tested for ajiplicability to the field distribution of larval insects by 
Beall (S). Comparisons of the observed and the theoretical Poisson 
fi*equency distributions for the first two sampling dates are given in 
table 1. The value in each case denotes a favorable agreement be- 


Taulk 1 . — of .fdO field Hanifttrs rloMsifird ncrfodinf/ to ihr mnnio'r of 
beef IvathoppcrH on, a bcvl, libH 
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tween the observed and the calculated values, and leads to the con- 
clusion that at the time of the spring movement into the beet fields the 
distribution of the leafhopper is essentially in accordance with the 
Poisson law. This conclusion is supported l 3 y data given by Bowen 
and by the analyses of an abundance of sampling data ( unpublisluxl) 
obtained in different years by different observers in the sugar beet 
areas in Idaho, western Colorado, ITtah, and California. 

The data in table 1 also agree closely with the negative binomial 
and the contagious distributions. Theoretical values for these dis- 
tributions, however, are not included in table 1 for the reason that 
any sample distribution that fits the Poisson must also tit the negative 
binomial and the contagions. In practice the fit to the latter two 
usually will be closer than to the Poisson, because for these distribu- 

* Bowen, M. F. a mf^thod of estimating bfikt lfafhopper popcr.A'noNs from 
THE proportion OP UNINFESTED PLANTS. U. S. Bureou Ent. aial Plant Quar. Clr. 
ET-225, 6 pp., ill us. 194*5. [Processed.] 
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tioiis the observed data are forced to agree with theory in the total, 
the mean, and tlie variance, whereas for the Poisson, agreement is 
forced in only the total and the mean. 

The variation among the plot totals (fig. 1) may be examined for 
general conformity to that of a Poisson distribution by the formula 
given by Fisher {10) and Rider {17). 

^ X 

X® so calculated for the JIG plots on May 20 is 59.164, which for 
degrees of freedom, corresponds to a probability near the 1 -percent 
point." This test therefore indicates a real tendency toward excessive 
variability in tlie data. A large contribution to is supplied by the 
one plot in which a total of 18 leafhoppers was recorded. If this plot 
is omitted from the calculations, the variance is not excessive, x" 
then equals 46.785, which for M degrees of freedom corresponds to a 
probability of 0.14, approximately. The analysis of variance of the 
i/^-acrc plots (table 4) , which denotes a difference between plots barely 
exceeding the 5-percent level of significance, also suggests a greatei* 
variability among the ])l<)t means than would be expected if the dis- 
tribution of the leafhopper were purely random. Bliss (.{), in an 
analysis of data obtained by Fleming and Baker {P^) on the distribu- 
tion of Japanese beetle larvae, shows a highly signifi(*ant variation 
between plots over an apparently uniform section as small as 18Xi>0 
feet (0.008 acre). This condition, observed by Bliss, is more con- 
clusive than appears for the migrant beet leafhopper ])opulation hei*e 
considered, notwithstanding that the experimental area studied was 
very much larger (4.5 acres) in the case of the leafhopper. 

The preceding discussion indicates that there is a tendency for 
the migrant po])ulation of May 20 to depart from a Poisson distribu- 
tion. This tendency is toward an excess of high and low counts simi- 
lar to that observe(l much more distinctly in the resident po})ulation 
of August 26-27, which will be discussed later. 

It is reasonable to expect that the true distribution of migrant 
populations of the beet leafho])per will depart from a Poisson series, 
})ecause of the many factors both physical and biological that may 
operate to destroy a ]7erfectly independent distribution of the insect. 
Air currents or a preference by the leafhopper for certain plots within 
the field might have caused an uneven distribution of the population 
on May 20, If this were so, it seems logical to assume that the plot 
differences would ])ersist during the shoit period from May 20 to 
June 4, and that a positive correlation would exist between the plot 
counts made on these two dates. A cursory examination of the plot 
totals in figure 1 indicates that no such relationship exists. Actually 
the correlation coefficient is negative; for the JU) pairs of counts 7 = 
’-'0.16, a nonsignificant value, indicating the absence of any relation- 
ship between the plot totals of the first two samj)ling dates. This ab- 
sence of a significant correlation suggests that the comparatively large 
number of leafhoppers taken in some of the plots on May 20 might 
have resulted from chance variations of sampling rather than from 
a real preference by the insect for certain paits of tlie field, or from 

* For degrees of freed<»in exceeding ao the expression V2x*”— V2/i — 1 is assumed 
to be a normal deviate with unit standard error. 
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the effects of physical factors, such as air currents, that may have 
deposited more leaflioppers in some locations than in others. 

Tlie sample disti'ibution of June 4 shows a closer a^i’eement with 
the Poisson law than does that of May 20, but from the data available 
it cannot be determined whether this a/LTreement is in fact better. The 
j>rincipal evidence derived from a study of both distributions indicates 
that the agreement with the Poisson law is essentially satisfactory. 

The natural mortality of migrant beet leaflioppers is hi^h. For 
this reason a decrease in migrant populations always occurs after the 
spring movement into the fields has ceased, or when this movement 
is not sufficient to offset the natural mortality in the population already 
jiresent. Thus, in the field here considered, the leathopper ])opulation 
decreased from a mean of 0.80,‘l per beet on May 20 to 0.322 per beet 
on June 4. The fact that on both dates the disti’ibution was essen- 
tially in accordance with the Poisson law denotes that the factors 
affecting mortality of the beet leafhopper acted unifoi*mly in the dif- 
ferent plots. 

LATEU SEASON RESIDENT POPrLATION 

An attempt to fit the data of Aupist 2G-27 to a Poisson series was 
not successful. This is illustrated by comjiarin^ the observed with 
the calculated Poisson law values ^iven in table 2, and by the cor- 
responding ^raph in figure 2. In the same table and fi<xure the later 
season data are also fitted to the ne^rative binomial and the contagious 
distributions. 



Figure 2. — Observed and theoretical Poisson, contajjious, and nejrative binomial 
frequency distributions of the number of l)eet leafhopiH»rs per beet in the held 
samples of August 20-27, 1037. Data from table 2. 
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Table 2,--DiBtrihution of 360 field samples classified according to the number of 
beet leafhoppers on a beet, August it6 -27, 1937 

[Fitted Poisson, contagious, and negative binomial distributions, and test of goodness of fit] 
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. The data show a highly significant departure from the Poisson 
distribution, while the agreement with the negative binomial and 
the contagious distribution is satisfactory. In fact the x‘ criterion 
in the case of the.se two distributions indicates an even closer agree- 
ment between the observed and the calculated values than usually 
appears for random samples from a homogeneous ])opulation. \- 
values as small as those obtained for the negative binomial and the 
contagious would appear usually only about once in 23 trials and 
(>nce in 22 trials respectively. However, such small values might 
credibly result from cnance, and the fit to these distributions is there- 
fore regarded as being not unreasonably close. 

It is worthy of note that for this particular sample the values 
calculated for the negative binomial and the contagious distributions 
are remarkably similar. Some of Beall’s (S) data likewise have been 
found to show satisfactory agreements with both the contagious and 
the negative binomial. 

The contagious and the negative binomial distributions may be re- 
garded as generalizations of the Poisson.law for cases in which the vari- 
ability is excessive as compared to the expectations of a Poisson series. 
Both of these distributions are characterized by an excess of high 
and low counts, and both approach the Poisson as the mean and the 
variance approach eauality. The contagious distribution, however, is 
more flexible than tne negative binomial and may sometimes be bi- 
modal, whereas the negative binomial is never bimodal. The negative 
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binomial is much easier to calculate than the contagious especially 
when the number of infestation classes is large. 

In fitting the observed distributions to a negative binomial {q-^p) 
the values of p^ and n were derived by calculation from the empirical 
data following the method given by Fry (//>?), i. e., />=1 — F/£», 
and n=^x/p\ where V is the variance of the distribution 
and X is the mean infestation per plant. Obviously, the binomial will 
be negative or positive respectively as the vai iance is gi*eater or less than 
the mean. In some samples of migrant beet leafhopper i>opulations, 
positive binomials {V<x) have appeared, but in such samples p did 
not differ significantly from zero and the data, therefore, were 
considered to he in essential agreement with the Poisson law. 

In practice, departures from the Poisson will usually be such as 
to make V greater than .r, although under certain conditions, such as 
very densi^ insect populations where there is ovei crowding and compe- 
tition for the available space, a distribution more uniform than the 
Poisson might result. “Student'’ {'2J) has studied the effect of de- 
partures from the conditions that lead to Poisson's law, and has indi- 
cated the conditions in which data may be expected to conform more 
closely to a negative binomial than to a Poissem series. 

The contagious distribution ^ was fitted by using the recurrent 
formula given by Neymah (lo) and Beall 

n 

j, _mim2e'”^2Sr rnf ^ 

i ^ (T^n-n 

f ==0 

where the initial value, 

The parameters ?fii and of the above formula,e are estimated from 
the mean and the variance as xy(V-x) aad {y-x)/x, respectively. 

Later season populations of the beet leafhopper do not agi’ee with 
Poisson expectations, probably because field conditions at this time 
do not favor an indej^ndent random distribution. Individual plants 
or certain kxjations within the field may be more attractive to, or favor 
a more rapid development of, the insect than others, wliich condition 
would upset an independent random distribution and cause the excesses 
in the small and the large frequency classes (see table 2 and fig. 2) that 
usually have been observed in distributions that departed from a 
Poisson series. Part of the contagiousness observed in t lie resident 
beet leafhopper population may be attributed to a random dispersion 
of adults which developed from groups of eggs deposited by the spring 
migrants. It is doubtful, however, whether this is the primary cause 
of contagiousness in the field distribution of an insect as active as the 
beet leafhopper. 

The variation in the leafhopper population on August 26-27 cannot 
be explained by differences in the initial infestation, which, as the 
analyses of the migrant populations have shown, was essentially uni- 
form. Correlation analyses support this view. The correlation 
coefficient between the plot totals of May 20 and those of August 26-27 

' Contagious distribution of type A depending on two parameters. See Neymnn 

ir», pp. 4r>-4S). 
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was +0.0258, and between the plot totals of June 4 and those of August 
2()~-27 it was “f ().02(>0. Both correlation coefficients are nonsignificant, 
an indication of the absence of relationship between the initial infesta- 
tions and the populations that subsequently developed in the different 
plots within the field. 

Data obtained from a field of sugar beets at the Asarco farm, Magna, 
Utah, in the summer of 1932 illustrate this point. Samples taken in 
this field on June 20 and 28 showed satisfactory agreement with the 
Poisson law, and denoted that early in the season the distribution of 
the leaf hopper was quite uniform. Later, however, distinct popula- 
tions developed in sections of the field characterized by beets of differ- 
ent growth types. This was shown by sampling data taken at weekly 
intervals from August G to 25, inclusive. These data, summarized in 
table 3, consistently show a signifi<^ant inverse relationship between the 

Table 3. — Hcct leaf hopper populatiofis on beets of different growth type in field 
at the Asarco farm, Magna^ Utah, 1932 


Loufhopper population por beet • 


Aup. 6 


Jl... 

18 

26--- 


Dalf 


Large beets 
(Mi) 


I.44zt0 21 
I {)2± .26 

2.62rfc S:i 


a 28d: . IVA 


Medium 
large beets 
(Mi) 


3 (K)±0.44 

4 2()=i- ,44 
(5 r)2=fc 70 

(*) 


Small wilted 
beets (A/ 3 ) 


8 48±0. 88 
15.44=bl 6.3 
2:i.32±2 13 
31, 32d=2. 7.6 


Difference between means 


Mi-Mi 

M^-Mi 

Mir Ml 

7 ()4dc() W) 

4. 88db0 ttS 

2 16±0.49 

13 52±\.r^h 

I1.24drl .69 

2.28d= ..61 

20 80±2 16 
28 04±2 77 

16 80±2.24 

4 OOrb .77 




• Each mean based on counts from 26 beets. 

* Rain prevented sampling. 


(huisity of the leafhopj)er jmpulation and tlie size of the beets. It is 
not definitely known just what environmental factors operated to pro- 
duce the disparate populations on the different-sized beets, but it seems 
logical to believe that the higher temperatures associated with the 
small wilted beets favored the production of large leafhop]:)er ])opula- 
tions. 

In this connection it might be noted that soil heterogeneity may 
greatly infiuehce the distribution of insect populations indirectly 
through its action on the plants upon which the insect lives. 


VARIATION BETWEEN PLOTS AND WITHIN I*LOTS 
EARLY SEASON MIGRANT POCULATION 

The population data for the 3G plots may be (combined to form 
plots of various sizes and shapes. Twelve size-shape combinations 
were studied ; these are illustrated in figure 3. The variances within 
and between plots for the data collected on May 20 were computed 
for each arrangement and are given in table 4. 

These analyses were made to determine the effect of plot size on the 
within-plot variation, which is a measure of the sampling error, and to 
test whether population heterogeneity was a significant factor affect- 
ing leafhopper numbers in the different plots. There is a tendency 
for the within-plot variance to increase as the subplots become larger, 
but the effect is small, and the chief evidence is that altering the size 
or shape of the plot did not materially influence the sampling error. 
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TABI.B 4.— Analysis of variance of different-sized subplots for field samples of 

May 20, 1927 


Shaix' and size of plots 


LengthXwidth 


Feet 

9ixno 

182X60 

91X120 

273X60. . . 

91X180... 

(») 

182X120- . . -- 

273X120 

182X180.. .. ..... 

273X180.... - . 

546X180 

273 X360.. . 


1 Numbers in narentheses denote degrirs of freedom. 
182X iO-f-91 X60 



Varianw' > 

Aron 

Betwfcii 

Within 


plots 

plots 

Aerett 

1 „ 

1 357 (35) 

0.924 (324) 

H 

1 191 (17) 

955 (342) 


1 267 (17) 

952 (342) 


1 027 (11) 

965 (348) 


1 548 (11) 

.948 (348) 


1 445 (11) 

951 (348) 


1 015 (8) 

965 (351) 


263 (5) 

976 (354) 

»4 

1 203 (5) 

OtW (354) 

1*S 

1 218 (3) 

9(>4 (3.56) 

1 

025 (1) 

969 (358) 


225 (1) 

969 (358) 




__ 


1 47 
1 25 
1 33 
1.06 
I 63 
1.52 
1 05 

3 71 
1 25 
1.26 

.38 76 

4 31 



I'lGi^uK 3.-— Some of the various sizes and shapes of plots obtained by dilTerenl 
combinations of the original 3i» plots. 

The significance of the difference between plots was determined by 
the F test {W). Tlie between*plot variance is barelv significant for 
the %>acre plots, but in no other instance does the ooserved value of 
F exceed that required at the r>-j>ercent level of significance. The vari- 
ation between plots was not significantly greater than that within plots, 
an indication that for the migrant population of May 20 population 
hoter^eneity was not a significant factor affecting the infestation in 
the different plots. This shows a remarkable degree of uniformity in 
the leafhopper infestation at this particular time, and corroborates the 
findings of table 1 which indicate a Poisson distribution. 

766074—47 2 
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The data of June 4 show essentially the same condition as those 
of May ^0, and therefore are not considered in detail. 

LATEK SEASON RESIDENT POPULATION 

The population of August 2()-27, which resulted largely from the 
reproductive activity of leafhoppers that migrated into the field prior 
to June 1, contrasts with the population of May 20. The analyses of 
variance between plots and within plots for the different arrangements 
on August 26-27 appear in table 5. The observed value of F for each 

Table r». — Analysis of variance of different- si zed subplots for field samples of 

Auaust 26-27, 1f)S7 


iShatie and size of plots 


liengthXwidth (feet) 


91X60... 
1K2X60.- 
91X120.. 
273X60- - 
91X180 - 
(») --- 
182X120 
273X120. 
182X180 
273X180. 
546X180- 
273X360. 



Variantc > 


Aroa 

Between 

plots 

Within plots 

F 

AcrtH 

55. 17(35) 

11.96 (324) 

4.61 

li 

1(X) 32(17) 

11 99 (342) 

8.37 

Va 

75 86(17) 

13 20 (342) 

5 75 

5 8 

113.82(11) 

13 08 (348) 

8 70 


72.27(11) 

14 40 (348) 

5 02 


108 93(11) 

13 24 (348) 

8 23 


148 12 (8) 

13 32 (351) 

11 12 

H 

H 

180 69 (5) 

13.84 (354) 

13 06 

129.32 (5) 

14 57 (354) 

8 88 

IH 

179.94 (3) 

14 79 (356) 

12.17 

2K 

97.14 (1) 

15 94 (358) 

6 09 

2^ 

442 22 (1) 

14.98 (358) 

29 52 


1 Numbers in parentheses denote degrees of frw'dom. 

2 Irn^gular, 182X60+91X60. 


comparison except one (546 X 180) exceeds tlie value refpiii'ed at the 1- 
. percent level of significance, which indicates a highly sijjnificant differ- 
(Mice between plots, or a marked degree of heterogeneity in the field 
infestation at this time. There was an appreciable reduction in the 
sam|)ling error with decreased jilot size. Apparently the distribution 
of the leaf hopper at this time was such that for plots of the same siz(‘ 
the sainj)ling e|Tor is smallei* in the long narrow plots than in the shoi t 
wide ones. 

EFFICIENCJY OF LOCAL (X)NTROL TN REDIKUNG EXPERIMENTAI. 

ERROR 

In field-plot experiments involving different treatments the estimate 
of the error in the experiment is derived from the variation between 
plots. To illustrate, the total sum of squares between plots in a Latin- 
square arrangement may be apportioned to the known and controlled 
causes of variation, i. e., rows, columns, and treatments, the residual 
sum of squares being due to unknown causes, or experimental error. 
The variance due to any cause is then determined by dividing the 
sum of squares by the corresponding number of degrees of freedom. 

Table 6 gives a summary of the between-plot analyses of variance 
of the different-sized plots for the sampling data of the migrant leaf- 
hopper population of May 20. Table 7 gives a similar summary for the 
sampling data of the later season population of August 26-27. 
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Inasmuch as the effect of local conti'ol is the primary concern of 
this study, the variances due to rows and columns are of chief impor- 
tance. No treatments were applied, and the experiment m^ be re- 
garded as a uniformity trial. Therefore, the treatment e^cts are 
purely hpothetical and are presented in these tables only to show the 
adequacy of the experimental design. It will be noted that seldom 
is there indicated a significant treatment response. Occasional signifi- 
cant deviations can be expected in a large series of samples even when 
drawn from homogeneous material. Where only a few large plots 
are concerned, the treatment effects might be confounded with loca- 
tion differences arising from an unfortunate chance assignment of the 
treatments to the various plots. Such must be the explanation of the 
statistically significant treatment effect indicated in line 15 of table 
(), and again in the last line of table 7, where there appears to be a 
significant negative intraclass correlation. Since the treatments were 
hyiiothetical the appropriate estimate of ex])erimental error, by which 
to judge the effects of local control, is obtained by adding the sums of 
squares for treatment and error and dividing by the combined degrees 
of freedom. This figure is given in the column headed ‘'Treatment + 
error.’' 

The effect of local control is measured by the percentage change in the 
error variance due to the removal of the contributions of rows and/or 
columns (blocks) from the total variance. 

EAHLY SEASON MIOKANT POPULATION 

Early in the season a field of sugar beets offers an apparently uni- 
form environment. The beets are small and the effect of soil hetero- 
geneity has not yet greatly differentiated them. Pivvious analyses, 
given in tables 1 and -4, denoted that on May 20 the leaf hopper infesta- 
tion over the experimental field was essentially uniform, and, there- 
fore, the usefulness of local control when applied to it was highly 
questionable. 

Table 0 shows that restricted designs resulted in an increase in the 
estimate of experimental error in 12 of the 18 arrangements. In those 
arrangements where a decrease is indicated, the utility of local control 
is doubtful, because the variation between blocks usually is not signifi- 
cant and may have resulted from chance. The negative value of re- 
striction, when ap])lied to the migrant beet leafhoi)per population of 
May 20, is further emidiasized by the fact that the nonsignificant 
change in the error variance is accomjianied by a rediudion in the 
degree of fi'eedom available for the estimate of exjieiimental error. 
In this connection it should be noted that there was a (Hi.St) percent 
increase in the error variance due to the removal of the columns com- 
ponent in the 2X0 randomized blocks design (table 0) . The variance 
of 1.027 is increased by this arrangement to 1.714, and in the process 
5 degrees of freedom corresponding to blocks wei’e sacrificed. Clearly 
the design was very unsuitable. 

Although the between-plot analyses for the various arrangements 
indicate little or no significant effect due to local differences in the leaf- 
hopjier infestation, it is interesting to comjiare the row and column 
variances for plots of the same size and shape. In every arrangement 
the variation between columns is smaller than that between rows, a 
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fact suggesting a more uniform distribution of the leafhopper in one 
direction of the field than in the other. Such a distribution would be 
likely to develop from an influx of a weak flying species moving from 
a source along one side of a field, the resulting infe^ation beinglieavi- 
est on the side adjacent to the source and gradually diminishing to- 
ward the far side. 

The beet leafliopj^er is not a weak flier. Agricultural areas may be 
infested by dispersals of this insect from breeding sources sometimes 
hundreds of miles distant (7, IS). It also attains considerable alti> 
(iide during its flights. Annand and associates (i) have shown that 
<luring dispersals in southern Idaho large numbers may be found as 
liigh as 25 feet at least, and it is not unlikely that much greater alti- 
tildes are common, lloth of these flight eharacteristics of the beet 
leafho])per tend to favor a uniform infestation at the time of dispei - 
sal. ()ver large fields, or very long fields, location difl'erences in the 
ilegree of infestation may be considerable, (^utainly difl'erent fields in 
the same general area will exhibit highly significant differences in 
population density. Among other factors, wind cui'rents undoubtedly 
[day an important role in this local distribution, but for areas as small 
as most sugar-beet fields the effect is apparently small. 

From a comparison of the effect of the removal of the row and col- 
umn variances in the different arrangements it is evident that when a 
decrease in tlie error variance occurs it originates from the elimination 
of the contribution of rows; when an increase occurs it is smaller 
for the rows than it is for the columns. From this it appears that 
if a restricted random arrangement were to be used at all in this field 
at this particular time, the best results would be obtained from ran- 
domized blo(‘ks laid out across the field in the row direction, not in the 
column direction. 

However, the principal evidence from the analyses of the data of 
‘May 20 is that restricted-random arrangements are of little value in 
field tests made on migrant beet leafhopper [xipulations. This state- 
ment probably will a})ply generally because of the uniformity of the 
distribution of the leafhopper during the time of the spring flights 
into the beet fields. 

Observationi^ in many fields other than the one considered in this 
pax)er have indicated that migrant beet leafhoj^pers are distributed 
in a Poisson series. This distribution irnjilies an equal probability 
of infestation in each of the plots. If the infestations in the plots 
are alike, it follows that the infestations in different combinations 
of them will also be alike, and restricted arrangements such as the 
Latin square or randomized blocks cannot, under such conditions of 
uniformity, accompltsh the purpose for which they are intended. 

Migrant leafhopjier densities, ranging from a mean of 0.01 to 5 
per beet, have been found in essential agreement with the Poisson 
distribution. At higher densities this distribution law begins to 
break down owing to an excess of high and low counts, probably 
because some jilants are more attractive to the insect than others. A 
differential attractiveness among the plants, however, will not neces- 
sarily destroy the similarity of the plot infestations, provided the 
more attractive plants are randomly distributed over the field. This 
seems to apply to migrant leafhoper populations, so that even at high 
Ijoimlation densities the practical utility of local control is doubtful. 
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Further studies, however, are iie(*essary to confirm or refute this 
belief. 

Where migrant populations of the beet leafhopper are concerned it 
appears that the most satisfactory results will be obtained by a com- 
plete randomization of the treatment replications. 

LATER SEASON RESIDENT POPULATION 

The later season resident pojiulation was composed largely of 
progeny of the spring migrants that moved into the field before 
June 1. By late August the beets in a field usually manifest olivious 
differences in growth, and the leafhopper environment is much less 
uniform than it is early in the season. The environmental (litteren(*es 
that develop within the field apparently are reflected in a marked 
lieterogeneity in the leafhopjier population. 

Population differences associated with types of beet giowlh have 
commonlv b<‘en observed by workers on the lieet leafhopjier ju-oject. 
Such ditferences are clearly illustrated by the data obtained at Magna, 
Utah, in 19;12 (table »3). When such obvious differences apjx*ar in 
an exjierimental field, the investigator might readily take advantage 
of the associated differences in the leafhopper infestation by orient- 
ing the experiment to conform to the various type.^ of plant growth. 

Visual orientation of the plots, however, is not always practicable, 
since marked differences in the leafhoi)per population may and do 
api^ear in the abseruje of any <‘lear]y defined types of plant growth. 
Such was the case on August 26-27 in the field here considered. 
Although definite heterogeneity existed in the leafhopper infesta- 
tion at this time (tables 5 and 7) it would have been impossible, by 
visual inspection of the field, to associate this heterogeneity with 
variations in the tyfie of beet growth. Usually it is only by methods 
of sampling that infestation diffei'ences can be i*ecognized with rea- 
sonable accuracy. 

From table 7 it is evident that local control effected a substantial 
reduction in the estimate of experimental erroi*, wdien applied to the 
resident leafhopper population of August 26-27. In practically all 
arrangements a decrease in the error variance resulted from remov- 
ing the variation between rows or columns. In the (> X 6 Latin 
square, for example, eliminating the infestation differences between 
rows and columns reduced the error vaiiance by 58.8 percent; thus, 
this arrangement would have more than doubled the sensitivity of 
an experiment as a means of detecting treatment differences. 

It is interesting to compare the percentage reduction in the error 
variances effected by removing rows or columns, when plots of the 
same shape and size are considered. Removal of the row contribu- 
tion produced the larger decre^ise for every arrangement except the 
6X6 Latin square. In a general way this parallels conditions 
observed in the data of May 20 except that then the effect of rows, 
although usually not significant, was larger than that of columns in 
every arrangement, the 6X6 Latin square included. 

Although for the data of August 26-27 the rows component was 
somewhat smaller than that of columns in the 6 X (> Latin square, in 
every other arrangement the rows effect was more jironounced. This 
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is explained by the presence of a definite population gradient across 
the field in the direction affected by the rows, so that combining the 
))lots in this direction never decreased the differences between rows. 
There was no definite gradient in the direction affected by the columns, 
and in combining the plots in this direction the effect sometimes has 
been to decrease the relative ditfei*ences. Thus, for the plot 180 feet 
wide, the error variance was actually increased by eliminating the 
variation between columns in two instances (182X180 and 27J3X 180), 
and only an inappreciable reduction occurred in the other (01 X 180). 

DISCUSSION 

This study lias demonstrated the relationship of insect-])opulation 
distribution to experimental design. In experiments involving 
migrant beet leafhoppei* populations, restricted-random arrange- 
ments designed to reduce the experimental error are of little or no 
value. This results from the uniform distribution of the leafhoppei* 
over the experimental area at the time of the spring dispersal into the 
beet fields. Later season populations exhibit considerable heteroge- 
neity, and the value of local control to increase the accuracy of the 
results is unmistakable. 

As a general rule, in field experiments with any insect species the 
advantage gained from restricted random arrangements will vary 
directly with the degree of heterogeneity exhibited by the population 
sampled. The object of restriction is to include in the location dif- 
ferences as much of the total variation as })()ssible. Obviously this 
may be accomplished most readily when the population heterogeneity 
is expressed as a gradient in one or two directions across the experi- 
mental field, or lies in definite zones, rather than in j^atches scattered 
over the field. 

Preliminary samples are usually taken in entomological field tests. 
Analyses of the preliminary data should indicate the plot arnxnge- 
rnent that will most effectively increase the precision of the experi- 
ment. 

Theoretically, the method of analysis of variance is based on the 
assumption of a normal distribution. Often this assumption does not 
hold for field sampling data. Since the distribution of migrant beet 
leafhoi)pers is described by the Poisson law, the application of 
analysis of variance to it is open to question. A similar objection 
might be made to applying analysis of variance to the later season 
resident po[)ulation of August 26-27, which deviates significantly 
from the normal but conforms favorably with the negative binomial 
and the contagious distributions. For all practical purposes, how- 
ever, the variance method applied to tests of significance will probably 
give reliable results despite a’ considerable degree of skewness in the 
data. Experimental studies on nonnormal data by Pearson {10) and 
by Eden and Yates {9) support this view. More specifically. Chap- 
man {6) has demonstrated a satisfactory agreement between the ob- 
served and the theoretical distribution of Z for samples drawm from a 
Poisson distribution having a mean of 1.0. This approximates the 
mean (0.803) of the sam|)Je distribution of May 20 considered in 
this report. 
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In addition to the assumption of a normal distribution, the validity 
of the generalized standard error derived from a combined analysis 
of variance is based on the assumption that although the Afferent ele- 
ments of the population may have different means their variance must 
be the same. Clearly this assumption may h« violated for data of the 
Poisson type. The variance in a Poisson distribution is not inde- 
pendent, but is Mual to the mean. Thus if population heterogeneity 
IS involved, or if different treatments exert a significant effect, Ae 
correspondmg means, and therefore the variances, will be different, 
and a combined analysis of the data will be unwarranted. 
Considerable caution should be exercised in the analysis and inter- 

§ rotation of such data; otherwise, misleading conclusions may be 
rawn. Bartlett {2) and Cochran (d) have dealt at len^h with this 
aspect of the problem, and for data of the Poisson type they suggest a 
s(][uare-root transformation to equalize the variances before proceeding 
with the analysis. For plot coimts between 10 and 100 they suggest 
the simple square-root transformation, and for plot t otals the 
majority of which are under 10 the transformation V'a+% is recom- 
mended. 

In the present study, which deals with uniformity data, differen- 
tial variability was negligible in the populations of May 20 and June 
4. A transformation of the data was therefore considered unnecessary. 
If different treatments had been employed in the experimental field on 
these dates, then differential Variability prob ably would have been 
introduced by the treatinents, and the v®+% transformation would 
have been appropriate since the plot totals (ng. 1) were below 10 in 
most cases. 

Analyses of variance have been made on the original data and on the 
transformed data with essentially the same results. Take, for example, 
the data for the 6X6 Latin square on May 20. When the original 
figures are used the F values for rows, colu mns, and treatments re- 
spectively are 1.26, 7.32, and 1.27 ; when the V® +% transfornaation 
is used the corresponding F values are 1.17, 7.93, and 1.51. Similarly, 
for the data of the 6X6 Latin square on June 4, when the original 
data are used the F values for rows, columns, and treatments respec- 
tively are 4.49, 1.79, and 1.42; and when the transformation is used 
the corresponding F values are 4.43, 1.97, and 1.42. Practically the 
same conclusion regarding levels of significance would be drawn 
from the analyses of the original data as front the analyses oi the 
transformed data. 

The data obtained on August 26-27, besides being non-normal, 
showed dei^ite heterogeneity and, like those of the first two samplings, 
are of a type such that the variance and the mean are related. The 
differences in variability, however, are not so great as to affect appre- 
ciably the inferences drawn from me results of analyses performed on 
the original scale. The analysis of the data for the 6X6 Latin 
square, when rmeated with the simple square-root ( transforma- 
tion, gives F values of 6.94, 7.15, and 1.35 for rows, columns, and treat- 
ments respectively. These compare with corresponding F valu^ of 
6.69, 6.41, and 1.31 when the original figures are used. Both anmyros 
give essentially the same result concerning the significance of the 
difference tetween rows, columns, and treatments. 
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data bonaidered in this paper farther illustrate the practical 
applicability of tibe method of analysis of variant to skew (non- 
normal) distributions (d, d, 16 ) , although, by this, it is not intended 
to imply that a suitable transformation may not often be useful, or 
even quite necessary, to evaluate correctly the results of an expwi- 
ment analysed by the variance method. 

In this paj^r field-plot lay-out has been viewed solely from the 
standpoint of insect-population distribution. Obviously other con- 
siderations may be of importance. For example, if it is intended 
t^t different insecticides shall studied, not only as they directly 
affect the insect but also according to the indirect effect of different 
degrees of kill on the resulting crop yieldj then soil hetero^neity 
also must be considered. Under this condition restricted-random ar- 
rangements would seem advisable, despite uniformity of the insect 
infestation. 

Insect activity and movement may render impracticable the use of 
designs that otherwise would be very helpful. This difficulty is illus- 
trated by the work of Douglass, Wakeland, and Gillette (d) on field 
experiments for the control of the beet leafhopper in southern Idaho. 
They showed that a satisfactory kill could be obtained with a pyreth- 
rum oil spray. However, neither the incidence of curly top disease, 
which is transmitted by the leafhopper, nor the yield of beets per 
acre in the sprayed plots was significantly different from that in the 
unsprayed check plots. The beet leafhopper is very active and inter- 
plot movements and dispersals into the field after the insecticides 
were applied completely obscured the effects of the treatment when 
these were measured by reductions in curly top disease or by increases 
in the yield of beets. Steiner (SO) encountered a similar difficulty 
when he used small plots for field experiments with insecticides for 
the control of the coaling moth. He found that because of intertree 
and interplot movements of the adult moths, treatment effects might 
be largely obscured if based only on records from drop and harvest 
fruit. 

SUM&IABT 

T^e relation, of insect-population distribution to experimental 
design has been studied by analyses of uniformity data obtained from 
^|lin^ field populations of the beet leafhopper. (Eutettiso teneUus 

The dn^ribution of the beet leafhopper at the time of the spring 
dispersal into the sugar-beet fields is in essential agreement with the 
Poisson law. Later season resident populations apparently conform 
to the n^atiye binomial and the contagious distributions. 

The variation between plots was iiot si^ificantly greater than the 
variation within plots for the migrant l^fhopper populations, which 
in^cates teat population heterogeneity was not a significant factor 
affecting tee infestation in tee dmerent plots. The later season resi- 
dent population showed highly significant differences between tee 
plot inf^tions. 

Bestricted random designs gave little or no redaction in error 
variance when appUed to tee migrant beet leafliopper populations, 
because of tee uniformity of the distribution of tee insect ovw tee 
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experimental field. These designs, however, effected a significant 
reauction in the estimate of the error variance when they were applied 
to the later season resident population. 

Precautions to be observed in the application of analysis of vari- 
ance to data of the Poisson type are indicated. 

This paper views field-plot lay-out solely from the standpoint of 
the distribution of insect populations, but attention is called to the 
fact that other considerations may be of importance. 
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EFFECTS OF CERTAIN SOIL FUNGI AND THEIR BY- 
PRODUCTS ON OPHIOBOLUS GRAMINIS* 

By C. M. Slao^ formerly collaborator, and Hubuot Fellows, aasodaU palhalogiil, 

Divinon of Cereal Crops and Diseases, Bureau of Plant Industry, Soils, and 

Agricultural Engineering, AgricuUurat Research Administration, United States 

Department of AgricuUure 

INTRODUCTION 

In studies on the take-all foot rot of wheat (Triiicum aesHvum 
L. (T. vulgare Vill.)), caused by Ophiobolus ^aminis Sacc., certain 
features of its development and disappearance in cultivated fields and 
of its control by adding organic matter and other amendments to the 
soil have been difficult to explain. Some workers have suggested that 
the development of the disease may he affected markemy by other 
micro-organisms in the soil. 

Sanford and Broadfoot (Sy and Broadfoot (1) studied the effect 
of other organisms on the development of Ophioholua graminis in pure 
culture and in the soil. Russell (7) concluded that the beneficial effect 
of crop rotation and fallowing on reduction of take-all was due to 
other soil organisms crowding out 0. graminia in the absence of its host. 
Brdmmelhues (S) report^ that several fungi, when ^wn in artificial 
media, produced thermostable byproducts that inhibited the growth 
of 0. graminia on solid and liquid media. She stated that a preliminary 
exposure of wheat to certain organisms allowed 0. graminia to cause 
more damage than the simultaneous use of those fungi and 0. graminia. 
The reason mven is that the byproducts of the fungi tested slightly 
injured the plants and permitted easy infection W 0. graminia, whereas 
their byproducts when they were used with 0. graminia tended to 
lessen the damage from it. This is cited to explain why take-all is 
more severe on light than on heavy soil, as the former has less absorp- 
tive opacity. Garrett (5) stated that the biologic control of the 
parasite by other micro-organisms best explained some of the phenom- 
ena he encountered; Lai (6) showed that several soil fungi and 
bacteria are injurious to 0. graminia, some by direct attack and 
others by the deleterious effects of their byproducts; and Winter {IS) 
reported the presence in soil extracts of substances inhibitory to the 
development of 0. graminia. 

Clark (S) and Stumbo, Gainey, and Clark (5) studied the effect 
of organic and inorganic soil amendments on the control of take-all. 
They decided that the control obtained by the amendments they 
used was due to adequate fertilization of the soil. Their studies 
of soil flora were only quantitative, however, for no account was 
taken of the species present or of their byproducts under the circum- 
stances imposed. 

‘ Received for publication April 30, 1947. Cooperative investigation by the 
Division of Cereal Crops and Diseases and the Kansas Agricultural Experiment 
Station. Contribution No. 393, serial No. 386, Department of Botany, Kansas 
Agricultural Experiment Station. 

* Itsdic numbers in parentheses refer to Literature Cited, p. 292. 
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I 

This papw reports attempts to find some of the intenrdations 
between the take-all fun^ (Ophiobohu graminia) and certain other 
soil-inhabiting fungi and to ascertain whether variations in the 
severity of the disease attack by O. graminia can be explained on Hie 
basis of interference by certain other soil fun^. The paper !is not 
intended as a compendium of tbe interrelations between a large 
number of soil fungi and 0. graminia. 

MATERIALS AND METHODS 

The funri studied were isolated from various types of soil used for 
grow^ wheat in central Kansas, some being free from Ophiobolua 
graminia and others infested with it. Fungi also were isolated from 
such infested soils after th^ had been treated experimentally in 
various ways in the field and in the greenhouse. Most of the isolations 
were made from the soil by the poured-plate method, but some were 
made from root fragments. The media employed included acid and 
neutral potato-dex^se agar, Lipman and Brown agar, urea agar, 
nutrient agar, water agar, soil-extract agar, and combinations of water 
and soil-extract agars. 

The fungus isolates were tested for possible antibiosis or probiosis ^ 
to Ophiobolua graminia in artificial media and in the soil. Three 
senes of tests were made. In series 1 O. graminia and each of the 
soil fungi studied were grown together on potato-dextrose agar in 
100- by 16-mm. jpetri dishes. In series 2 the effect of byproducts of 
the various soU fungi on 0. graminia was determined. In this series 
the fungus being tested was grown for 7 to 14 days on a potato- 
dextrose solution or other liquid media; then the solution was filtered 
through filter paper and sterilized by autoclaving at 17 pounds’ 
pressure for 20 minutes. Different quantities of the sterile filtrate 
tvere then added to fresh, sterile potato-dextrose solution in 126-cc. 
Erlenmeyer fiasks or to sterile, melted potato-dextrose agar in test 
tubes for use in petri dishes. 

Later the fiasks of liquid medium and the petri dishes containing 
the mixtures were inoculated with pieces of agar 2 mm. square cut 
from portions nf an agar plate carrying Ophwbolva graminia in an 
actively growing condition. The fiasks and petri dishes were then 
incubated at 22® to 26" C. The rate of growth of 0. graminia on the 
agar plates was determined by measuring the diameters of the circular 
colomes daily imtil the plates were covered; it took 7 to 10 days for 
the colonies to cover the plates if no antibiosis or probiosis was in- 
volved. In' the liquid media the dry weights of the fimgus mats 
were taken when me experiment was terminated, usually after 14 
days. Use of agar plates h^ the advuntage of showing daily in- 
creases in growth and of requiring less time, but the use of flasks 
was less subject to experimental^ error. 

In series 3 the fungi were grovm together in variously treated soils 
which were then planted to wheat. In part of this series the wheat 
seedlings were grown in the laboratory in 125-cc. Erlenmeyer fiAaks 
contrining 60 gm. of sterilized soil 'which had been inoculated with 
Ophiobolua graminia and the fungus to be tested. After 0. grarmma 

* In tile present paper antibiosis is used to mean antagonlstie rtiations Of tiie 
soil fungi or,tbeir pyproduets to OpMcboltu gramini* ana probiosis to mean tin 
opposite, that i^ favorable relations to O. graminu. 
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had ffown through the sod, the fungus to be tested was introduced 
and me two fungi were permitted to grow together for a time before 
germinated, surface-steruized wheat kernels were planted in the flask. 
At the end of the experiment the extent and severity of root lesions 
on the seedlings were recorded. In part of series 3 the wheat plants 
were grown to maturity in the greenhouse in 6-inch clay pots con- 
taining soil naturally infested with 0. graminis and artificially in- 
oculated separately with the different soil fungi to be tested. Data 
on the extent and severity of the lesions and on the general condition 
of the wheat plants were taken after they had hea^d. 

FUNGI ISOLATED 

Numerous soil and root isolates were cultured and tested for the 
production of substances that influence the development of Ophioholus 
graminis. The number of isolates (species or strains) in different 
genera was as follows: PeniciUium, 29; Fuaarium, 20; Actinomyces^ 17; 
Aspergillus, 16; Ophioholus, 8; Rhizoctonia, 7; Qliocladium, 6; Pythium, 
5; Ghketomium, 6; Rhizopus, 4; HelminOiosporium, 4; Alternaria, 4; 
Trichoderma, 3 j Monilia, 3; Trichothedum, 1 ; Acrothecium, 1 ; Spicaria, 
1 ; and imidentified, 17. These fungi were numbered, and the species 
of those that tended to be antibiotic or especially probiotic to 0. 
graminis were identified whenever possilie. These were the prin- 
cipal fungi used in the experiments* 

EXPERIMENTS IN ARTIFICIAL CULTURE MEDIA 

EFFECT OF OTHER SOIL FUNGI ONlOFHIOBOLUS GRAMINIS 

In the experiments in which Ophioholus graminis was grown in the 
same petri dish with another fungus (series 1), potato-dextrose agar 
was used in duplicate plates. Twenty-seven isolates of common 
soil fungi were tested separately with 0. graminis. Each of these 
and 0. graminis were placed about 40 mm. apart on opposite sides 
of an agar plate. The fungus growth, particularly where the hyphae 
of the two colonies advanced toward each otner, was examined 
several times daily. 

A few of the soil fungi studied were actively ant^onistic to Ophioho- 
lus graminis. These were Trichoderma lignorum (Tode) Harz (No. 1), 
Aspergillus niger v. Tiegh. (No. 10), and Oliocladium fimhrialam 
Gilman and Abbott (No, 28). In case of these species the hyphae of 
0. graminis and those of the other fungus advanced on the agar plate 
until they met. Soon thereafter the hyphae of 0. graminis died back 
and disintegrated where the colonies met, and the colony of the other 
fungus continued to advance. The hyphae of T. lignorum actual^ 
parasitized those of 0. graminis by penetrating and killing them. It 
was not determined how the other two fungi killed the hyphae of 
0. araminis. 

Ophioholus graminis and certain other fungi showed mutual repel- 
lence. Both advancing colonies stopped growth at the inside border 
before the hyphae met, leaving between them a zone where there was 
no growth. The fungi that reacted in this way were AspergiUus ^vus 
Ik. (No. 8), A. nid^ns (Eidam) Wint, (No. 2), and PenimUium 
lilaeinum Thom (No, 13), 
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The antibiotic or probiotic influence on Ophiobcins graminit of the 
o^^ fun^ tested could not be determined exactly By this method, 
because either O. graminia grew over them or it was oyeigrown by 
thaoi with no apparent injury to either. 

effect cnr BrntODucrs of otheb son. nmoi on ofhiobolus OBAumis 

Many tests (series 2) were made to determine whether certain soil 
fu^ produced substances toxic or stimulatory to Ophiobdua graminia. 
With few exceptions the medium used was the potato-dextrose solution 
as described previously. Soil decoctions and Czapek’s solution con- 
taining various nitroiren compounds were tried also. Measured 
quantities of the sterile filtrate from the solutions in which individual 
fungi to be tested had grown ^15 percent b^ volume) were added to a 
me£um in which 0. graminia was then mtroduced. Some fui^us 
isolates were tested four or five times and others only once. The 
resulting growth was recorded as a measure of any possible toxicity. 
Data were taken both on the increase in diameter of the colonies of 
0. graminia on agp and on the weight of the mycelial mats produced 
in the liqiud medium. The growth of 0. graminia on the particular 
medium without the addition of any filtrate was taken as the control. 

Examples of both inhibitory and stimulatory effects of various fungi 
in the test on potato-dextrose-agar plates are shown in figure 1. The 
average weights of mycelium in lic|uid medium (potato-dextrose solu- 
tion) and the measurements of radial growth on agar for 21 of the soil- 
fungus isolates are shown in table 1. These isolates were selected 
and identified as to species because they gave a fair representation of 
the biotic effects encountered. 

Thirty-nine, or about one-third, of the isolates included in these 
experiments produced substances that reduced the growth of Ophiobo- 
hia graminia more than 20 percent; 20 of these reduced the growth 50 
percent or more; and 6 reduced it more than 80 percent. Aapergillua 
niger (No. 10) and A. terreua (No. 86) inhibited the growth of 0. 
graminia completely. 

Four of the six fungi that reduced the development of Ophiobolua 
graminia 80 percent or more were species of AapergiUua. According 
to Thom ana Church (10) these species fall in the A. flavua, A, niger, 
and A. terreua groups and have been identified by the authors as 
strains of A. flama (No. 8), A. niger (No. 10), A. flavipea (No. 80), 
and A. terretu (No. 86). 

On the other hand, e^ht of the soil-fungus isolates tested in these 
experiments produced substances that stimulated the growth of 
Ophidfolua graminia 25 percent or more above normal. 

The time of production of inhibitor growth substances in artificial 
media by the soil fun^ tested varied considerably. Some produced 
appreciable quantities in 48 hours fmd 'readied their maximum pro- 
duction ill 5 days. Others required a week or more to produce any 
toxic substance and 20 days to attain maximum production. Rhizopua 
nigrimna produced inhibitory substances in its early stages of ^wth 
and stimulatory oqea later. Some isolates of certam species of 
AapergfUitm, espedally A. terreua mid A. niger, showed wide cuffimnces 
in biotic bdiavior toward OpHeMua graminia. Such phydolt^ 
strains within a qiedeseould not always be separated morpnofogicalfy. 
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Figure 1. — 8ix-day growth of Ophiobolua graminis on potato-dextrose agar to 
which had been added 15-percent portions of sterile potato-dextrose solutions 
in which the soil fungi indicated had grown: A Aspergillua niger (No. 10), 
no growth; B, A.flavua (No. 8), trace of growth; C, Gliocladium fimbriatum (No. 
28), 21 tnm. in diameter; D, T^choderma lignorum (No. 1), 24 mm. in diameter; 

g PmtciUium lilacinum (No. 13), 26 mm. in diameter; F, A. nidulans (No. 2), 
mm. in diameter; (?, A* terreua (No. 8), 73 mm. in diameter; H, AUemaria 
humieola (No, 17), 85 mm. in diameter. The control colony of O. graminia 
without any added byproduct was 62 mm. in diameter 
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Two eroerimeots were conducted to test (Jie production of sub* 
stances affecting the development of Ophiobolm gramims by a selected 
list (table 2) of isolates of soil fungi ^wn in soil extract. In the 
first experiment, a prelimina^ one, soil extracts that had supported 
the growth of the various soil fungi to be tested were added in small 
quantities to potato-dextrose agar and potato-dextrose solution; 
in all ctoes the growth of 0. -graminis on these media was stimulated 
markedly. This indicated either that these f^gi produced sub- 
stances m soil extract that stimiilated 0. graminia or that in the soil 
extract itself there was a growth-promoting substance that obscured 
the effect of any inhibitory growth substance formed. 

Table 1, — Growth of Ophiobolua graminia in potuto-dextroae aolution or on foiaio- 
dexifoat agar fo which had been added 15-percerU portiona of aterilized aoltUtona in 
which variotM individual aoil fungi had grown previoualy aa comvared with its 
growth on the aame rPedium without auch addition (control) t Manhattan, Kana,, 
1988 


Growth of O. iiraminis 


Fungus grown In solution that was added 


Aetinomyeet sp. (No. 2A) 

AUemttna humkota Oudemans (No. 17) 

Ai^gMM ftanipeg (Bainer and Sartory) Thom and Church 

Atper'giUvi III II . II 

AipetjfiUtu niduUnu (No. 2) 

AipergUtvs niger (No. 10) * 

AtpergiUut nigtr (No. 47) * 

i AtpetgiUut terreut Thom (No. 8) « 

AtperaUltu temua (No. 86) • 

Futarium moniliforme Sheldon (No. 31) < 

Ftuarium monilmrme (No. lOB) * 

Futarium mtmmfitrme (No. 14) * 

Olioetadium fimbrlaium (No. 28) * _ _ 

Helminthot^ium tatkum Pam., King, and Bakke (No. 27) . 

PmidUium iUaeinum (No. 18) 

PenidUlum pinophilum Hedge. (No. 98) 

Fhizoput nigrieana Ent. ex ft. (No. 4) 

Spkeim dkarieata (Thom) Oilman and Abbott (No. 116)... 

TrkhoderiM tignorum (No. 1) 

Tyidtoderma tigrmum (No. 84) 

Tridothedum roteum Lk. (No. 29) 

Opkiobolut graminia (control) 


Weight 
of fungus 
mats in 
solution 

Diam- 
eter on 
agar 

Compared with growth 
of control 

In So- 
lution 

On 
agar i 

Aver- 

age 

Qm. 


Pd. 

Pd. 

Pd. 

0.0874 

82 

98 

117 

106 

.0670 

77 

111 

no 

111 

.0089 

0 

18 

0 

8 

.0082 

28 

14 

36 

28 

.0853 

57 

92 

61 

86 

.0000 

0 

0 

0 

0 

.1082 

70 

180 

100 

140 

.0674 

J 77 

112 

no 

111 

.0000 

I 0 

0 

0 

0 

.0968 

61 

161 

87 

124 

.0000 

81 

0 

73 

36 

.0618 

69 

103 

99 

101 

.0000 

25 

0 

36 

18 

.0667 

88 

111 

126 

118 

.0269 

27 

48 

39 

42 

.0130 

28 

22 

86 

29 

.0206 

27 

84 

39 

37 

.0063 

0 

10 

0 

8 

.0038 

37 

6 

83 

30 

.0066 

36 

11 

81 

31 

.0643 

70 

107 

100 

104 

.0601 

70 

100 

100 

100 


* Percentage computed by comparison of diameters. 

> These 2 isolates of AtpargUlut idger could not be separated morphologically. 

* These 2 isolates of .<4. terraua could not be separated morphologically. 

* These 8 isolates of Futarium monUifi>rme could not be separated morphologici 


* « 

In the second soil-extract series 5 kg. of garden soil was extracted 
with boiling distUled water, filtered tm-ou^ cheesecloth, and finally 
force-filtered through 6 thic^esses of. filter paper covered with fine 
mud. The light-amber liquid obtained was divided into 11 (60-cc.) 
aliquots in Erlenmeyer flasks and was sterilized 1 hour i,n the auto- 
clave at 15 pounds’ pressure on three successive days. The flasks were 
then inoculated separately with the following soil fungi: AUemaria 
h^micola, Aa;per^ua flavua, A. nigeTi A. ierreua, OUodadmm fim- 
briahm, f*anteiUi‘wm mannum, P. vindicaium Westling, PemeUtmm 
• sp. (No, 21), Bhizopua nigrieam, Triahoderma Ugjtorum, and Ophiobo- 
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lu8 graminu. Growth was slow and sparse. After 60 days all 
flasks were sterilized again by autoclaving, their contents were filtered, 
and the filtrates were used as 16- and 25-percent (by volume) addi- 
tions to potato-dextrose agar and potato-dextrose solution in petri 
dishes and flasks as previously described. 0. graminis was then 
grown in each of these. Data on the growth of 0. graminis in the 
petri dishes and the flasks were so simuar that only those from the 
flasks are given in table 2. 


Table 2.— Growth of Ophioholus graminis in potato^dextrose solution to which had 
been added 16- or 25-percenl portions of sterilized soil extracts in which various 
individual soil fungi had grown previously as compared with its growth in the same 
medium without such addition (control), Manhattan, Kans,, 1938 


Fungus grown in solution that was added 


SoU ex- 
tract 
added 


Growth of 0. graminis 


Weight of 
fungus 
mats 


Compared 
with ^wth 
of control 


AUemaria humieola (No. 17) . . . 

AspergOlus flavus (No. 8) 

AspergUlus niger (No. 10) 

AspergiUus Urreus (No. 3) 

Qliodadium fimbriatum (No. 28) 
PenicOlium lUadnum (No. 13) . 
PenicUlium viridicaium (No. 26) 

PenieiUium sp. (No. 21) 

Bhizopua nigricans (No. 4) 

Triehodsrma lignorum (No. 34) . 

Ophiobolus graminis 

Ophiabotus graminis (control) . . 


Percent 
15 
25 
15 
25 
15 
25 
15 
25 
15 
25 
15 
25 
15 

25 
15 

26 
15 
25 
15 
25 
15 
25 

0 


Grams 
0.1224 
.1416 
.1205 
.1068 
.1320 
.1050 
.1102 
.1020 
.1021 
.0023 
.1106 
.1150 
.0000 
.1430 
.1526 
.1268 
.1047 
.1402 
.1076 
.1123 
.0084 
.0076 
1 .0805 


Percent 

130 

158 

135 

no 

147 

117 

123 

115 

114 

103 

134 

128 

112 

160 

170 

142 

117 

167 

120 

125 

110 

100 

100 


» Average of 4 controls. 


It is apparent from table 2 that the soil extract which had served as 
a medium stimulated the growth of Ophioholus graminis in every 
instance. It is also apparent in the case of Aspergillus terreus, A. 
fiaws, A. niger, PenieiUtum sp. (No. 21), dUoeladium fimbriatum, and 
PenuMium lUadnum that the 25-percent addition produced less 
growth than the 15-percent addition. It might be assumed that the 
greater amounts of inhibitory material present in the 25-percent addi- 
tion were responsible for the reduced growth. These particular 
isolates had been found to be toxic in previous tests in other media, 
whereas, of the four fungi that exhibited greater growth after the 
25-percent addition than after the 15-percent, Rhisopus nigrimns 
and AUemaria humieola had often produced growth materials stimu- 
latory to 0. graminis in previous experiments. 

Experiments were performed to studj^ the production of byproducts 
inhibitory to Ophiobmus graminis by soil fungi nourished by different 
sources of nitrogai. Fold lots of Czapek’s solution were m^e up, 
each carrying a different nitrogen compoimd in concentrations of 
2 gm. of the compound per liter. The nitrogen sources used were 
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Ammoniiim chloride, ammomum nitrate, aodinm nitrate, and urea. 
Potato-dextrose solution was included for comparison. Fifty cubic 
centimeters of each nutrient solution was placed in 126-cc. Erleh- 
meyer flasks, plugged with cotton, and sterilized in the autoclave for 
1 hour at 16 pounim’ pressure. These were then inoculated separately 
with seven selected soil isolates, name^ Ag^giUus fUmta, A. nididana, 

A. niger, Glioeladium jfimhiatum, Ptmi^ium luacinum, Bhizopus 
mgrimM, and Triehodertm lignorum. All except A. nimlana and 

B. niprieana had been fairly uniform in producing in potato-dextrose 
solution substances that inhibited 0. graminia. Each fungus was 

r wn in each of the- five solutions for 10 days. All grew except 
mgricana with sodium nitrate and T. lignoram with ammonium 
chloride as sources of nitrogen. 

After 10 days the solutions were filtered, sterilized, and mixed with 
potato-dextrose agar or solution so that the fungus extract would 
constitute 16 percent (by volume) of the mixture. The mixtures 
were placed in petri dishes and flasks, respectively. These were then 
inoculated with Ophioboha gratninia. As a control 0. graminia was 
grown in potato-dextrose solution without the addition of nitrogen 
compounds and without filtrates containing byproducts of other fungi. 
The weights of fungus mats from the flasks, which represent the com- 
parative growth, are shown in table 3. 

Table 3. — Growth of Ophiobolua graminia in poiato^exiroae aoluiion to which had 
been added IB-percent portiona of aterilized aolutiona in which varioua individual 
aoil fungi previoualy had been nouriahed by different sources of nitrogen as com- 
pared with its growth in the same medium without such addition (control) ^ Man- 
hattan, Kana,, 1938 


Nitrogen source or medium and 
fungus grown in solution that 
was added 

Growth of 0. 
graminia 

Nitrogen source or medium and 
fungus grown in solution that 
was added 

Growth of 0. 
graminia 

Weight 

fungus 
mats > 

Com- 
pared 
with 
growth 
of con- 
trol* 

Weight 

fungus 
mats > 

Com- 
pared 
with 
growth 
of con- 
trol * 


Grama 

0.0000 

.0207 

.0468 

.0801 

.0822 

.0613 

.0000 

.0824 

.0888 

.0633 

.0688* 

.0048 

.1800 

.0000 

.0308 

.0828 

.0887 

.0807 

.0810 

Pereant 

0 

33 

76 

81 

84 

99 

0 

88 

94 

102^ 

iir 

182 

242 

, 0 

" 49 

88 
98 

X 26 

131 

Urea; 

Ottodadiumfimbriatum (No. 28).. 

J^nieiUiumlilacinum (No. 13) 

AapergiUtta niger (No. 10) 

AapargiUaa fUroua (No. 8) 

An^gattua nidtUana (No. 2) 

Trkhadarma lignarum (No. 1) 

Bhizapua nigricana (No. 4) 

Potato-dextrose solution: 

Aapergittua niger (No. 10) 

PMzopua nigrkana (No. 4) 

Aapergmuaflaeua (No. 8) 

PenUrniummaetnum (No. 13).... 
OliadadiumfimMatum (No. 28) . . 

AjpergUlua Meiana (No. 2) 

Trkimarma lignum ^o. 1).... 
Control (potato^extroae solution 
alone); 

•OphidMna graminia 




> AvfiuEe of 2 lepIlOBtes. 

I in oaeli groap fai deioeiidilig order of lahtMtory aetlon on OphUilMtuaffemivii. 
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It will be seen in table 3 that the growth of Ophioholus graminis 
may be variously affected by the byproducts from fungi grown in 
media with different nitrogen sources. These effects ranged from 
complete inhibition of 0. graminis to striking stimulation. 

AspergiUus niger grown in Czapek’s solution with ammonium chlo- 
ride or sodium nitrate or in potato-dextrose solution developed by- 
products that completely inhibited Ophioholus graminis; only slight 
inhibition resulted when it was grown with ammonium nitrate or 
urea. In contrast, Olwclodiumjimhruitum developed byproducts that 
effected complete inhibition of 0, graminis when ammonium nitrate 
or urea was the nitrogen source but not when the other compoimds 
were used. 

Aspergillus flavus when grown in Czapek's solution with ammonium 
dblonde or sodium nitrate or in potato-dextrose solution developed 
byproducts that inhibited but did not prevent growth of Ophioholus 
graminis. This is in agreement with the results shown in table 1. 
In general, the byproducts from A. flams seemed to be of the same 
nature as those from A. ni^er, but the inhibitory effects were less. 
It is of special interest to note that the byproducts from A. flams 
grown with ammonium nitrate were distinctly stimulatory to 0. 
graminis^ producing IS? percent as much growth as the control. 

Rhizo'^ nigricans developed inhibitory byproducts when grown in 
potato-dextrose solution or In Czapek^s solution with ammonium 
chloride as the nitrogen source. When ammonium nitrate or urea 
was used, its byproducts were distinctly stimulatory, causing 242 and 
137 percent growth of Ophioholus graminis y respectively. 

The byproducts of PeniciUium lUacinum, Aspergillus nidulans, and 
Trichoderma lignorum were only slightly inhibitory, neutral, or slightly 
stimulatory. The byproducts from these three fungi also had some- 
what similar effects in the earlier series, but the inhimtion was greater 
(table 1). 

The unused nitrogen remaining in the solutions in which the soil 
fungi had grown was not responsible for growth stimulation, as Fel- 
lows (4) has shown previously that Ophioholus graminis cannot utilize 
any of the tested sources of nitrogen in a mod^ed Czapek's solution. 
It is not believed that any of the other unused compoimds of Czapek’s 
solution were stimulatory, since 0. graminis grows better in potato- 
dextrose solution alone than in modified Czapek’s solution even when 
there is a source of nitrogen in the latter that is favorable for its 
growth. 

The experiment indicates that the production by other soil fungi of 
substances that are injurious or beneficial to Ophioholus graminis de- 

J >ends on the nature of the soil nutrients as well as on the kinds of 
ungi present. It indicates that some soil fungi may be distinctly 
beneficial to 0. graminis under certain nutritional conditions and de- 
cidedly injurious under other conditions. It also suggests that the 
inhibitory substances produced by one fungus may be different from 
thpse produced by another, since they apparently are formed from 
different materials. 

EXPERIMENTS IN SOIL 

The interaction of Ophioholus graminis and certain soil fun^ was 
tested both in sterUiaea, artificumy infested soil and in unstenlized, 
naturally infested soil (series 3). A method was devised for testing 
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reaction of 0. gramitm to any o&er soil fungus by detmmning 
tiw effect of tbe latter on the pamwenicity of 0. ^minis to wheet 
seedhi^ and older wheat plants, to order to avoid intooduction of 
undesirable organic matter, both 0. graminia and the other soil fungi 
used in toese e]q[>eriments were cultured in the soil. 


KXPBRIMENTS D) STSBmiZED SOIL . 


All expmments with sterile soil were in 125-cc. Erlenmeyer flasks 
containing 60 gm. of soil moistened to approximately 70 percent of its 
water-holding capacity and steam-steriUzed in the flasks. Except in 
the uninoculated controls the soil was then inoculated with Ophiobolus 
graminis by introducing a 2-mm. cube of agar upon which the fungus 
was growing. After 14 days’ growth of 0, graminis the soil in some 
of the flasks was inoculated similarly with the other fungus to be tested. 
Other flaslra were left as inoculated controls, that is, they contained 
only 0. graminis. Fourteen days later a suriace-sterile wheat seedling 
was planted in the soil in each fl^k and allowed to grow 14 days. 
At that time 0. graminis had been in the soil 42 days, the other fungus 
28 days, and the wheat seedling 14 days. During all this time the 
inoculated soil and the wheat plant were kept as free as possible from 
external contamination. The lengths of the three primary roots and of 
the diseased portions were then measured, and the percentage of root 
length showing disease lesions was calculated. Twenty-three fungi 
were tested by this method. Two virulent and one moderatefy 
pathogenic strain of 0. graminis were used. It was found that any 
fungus that checked the pathogenicity of 0. graminis checked the 
moderately pathogenic strain more effectively than it did the highly 
virulent ones but in the same order. In one experiment seven fungi 
were used with a moderately pathogenic strain of 0. graminis. The 
results are given in table 4. 


Tab LID 4. — Effect of certain soil fungi on the growth of wheat roots and on iakc’^ll 
in soil sterilized and then inoculated with Ophiobolus graminis^ Manhattan, 
Kans,, 1939 


^ - 

Fungus added to soil with 
Ophiobohu grsminii 

Average 
length of 
8 pri- 
mary 
roots 

Average root 
length diseased 

General appearance and remarks 

AspergfXlus flams (No. 8) 

AspergiUus nigar (No. 10) 

Ffuimum monUiforme (No. 31) 

QUodadium fimbrUOum (No. 98) 

OpkkMui graminis (oontrol) 

Jn/thium arrkenomanes (No. 138) 

Imitapus nigrkans (No. 4) 

TrkkodermaUgnwum (No. 1) 

Mm, 
126 
180 
121 
110 
, 117 
. 68 
100 
114 

Mm, 

82 

08 

22 

87 

80 

41 

86 

3 

Percent 

20 

52 

18 

82 

74 

70 

34 

3 

Fair oontrol. 

Good oontrol in 1 flask; none in others. 

Good oontrolin 2 flask; fair control in 1. 

Some oontrol. 

Badly diseased. 

No oontrol; badly diseased. 

DoubtftU; oontaminated with No, 1. 
Good oontrol. 


As ^own in table 4, fair to good control of Ophiobolus graminis 
obtained by artifidaUv indculatiDg infested soil with Triehodema 
Ugnortm (No, 1), Aspergwm fiams (No. 8), or Fusarium moniliforme 
(No. 31). Less control was obtained with A. nigw (No. 10) and 
miodadiumfimbrioHm (No. 28) and none with Pyfhivm arrhenomdnes 
Dtechs. (No. 126), vritdich is khown to be parasitic cm wheat. The 
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flas^ coDtau^g Bhizopus nigriMns (No. 4) were accidentally con- 
taminated with Trichoderma lignorum (No. 1), obscuring possible 
effects of the former. 

In the uninoculated, sterilized soil the wheat roots and tops were 
stunted and short but the roots were white and clean. Seemingly 
there was some toxic effect of steam sterilization of the soil, as the 
root lengths averaged only 40 mm. as compared with 100 and 150 
mm. for those in soils to which fungi had been added. Most of the 
fungi used, induding Ophiobolus graminis, dissipated this inhibitory 
effect rapidly when cultured in the sterilized soil. An exception was 
Bhizopus nigricans (No. 4) in the presence of which the wheat roots 
were similar to those in uninoculated, sterilized soil. The reason 
may have been that tl^ fungus inhibited root growth, or it may not 
have dissipated the injurious effect of steam sterilization, as did the 
olhers. 

EXPEBIMENTS IM NATURALLY INFESTED SOIL 

Experiments in which various soil fimgi were introduced into soil 
naturally infested with Ophiobolus graminis were rather limited. 
However, they show that the severity of take-all was reduced by 
increasing the population of certain species in a soil containing its 
natural flora. 

In one e:^eriment the fungi to be tested were cultured separately 
under aseptic conditions in moist, sterilized soil in 1 -liter Erlenmeyer 
flasks. Inoculation was accompUshed by a 2-mm. block of agar upon 
which the fungus to be tested was growing. After sufficient mowth 
had occurred, as judged by the penetration through the soil, the cul- 
ture was mixed with soil naturally infested with Ophiobolus graminis 
at the rate of 1 part by volume of inoculated soil to 3 parts of naturally 
infested soil. The mixture was placed in 6-inch pots in the green- 
house, and Kanred wheat was planted in it. For the fimgi that 
formed spores, this inoculum was supplemented by adding spores 
from a petri-dish culture to the top 3 inches of the soil. Planting 
was done after inoculation. The final examination was made when 
the wheat plants were nearly mature. Two kinds of controls were 
used; one consisted of a mixture of 3 parts of naturally infested soil 
and 1 part sterilized soil and the other of sterilized soil alone. 

The effect on the severity of take-all of adding Aspergillus flavus 
(No. 8) to naturally infested and to artificially inoculated soil is shown 
in figure 2. The seedling roots shown in A and B grew in soil that had 
been artifibially inoculated with a pure culture of Ophiobolus graminis, 
but the roots in B had been protected by A. flavus (No. 8), wluch was 
added to the soil before the wheat was planted. As shown in table 
4, the average root length infected in A was 74 percent, whereas that 
in B was only 26 percent. 

The control wheat plants, which were almost entirely killed, were 
CTown in soil naturally infested with Ophiobolus graminis (fig. 2, C). 
The plants shown in figure 2, D, were grown on part of the same lot 
of naturally infested soil that had been moculated with Aspergillus 
Hcmus (No. 8) before the wheat was planted. Although there was 
some infection, a fair gro^irth of wheat occurred. 




FidtJBB 2 . — A and B, Eooto of wheat eaeddniss grown In soil artifioiidly inoculated 
Ophiob6luB araminU: -4, O. ifmfninU alone, 74 percent of root length in^ 
l^^ed; B, with 8) added to the soil, 28 percent oflength 

4niect<^* C, Wheat plants, alpiost entirejh^ killed by te^e-eul, grown in soil 
naturally infested with 0. nmmnU, B, wheat plants grown in part of the 
same 4o& as C with A. fiavua (No. 8) addM to it before the wheat was sown* 
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DISCUSSION 

The data presented herein serve mainly to emphasize the com- 
plexities of the problems involved rather than to give any solution. 
The interrelations of soil fungi, (‘spc^eially when one or more are 
pathogenic, seem of sufficient importaiu^c* to merit study, particularly 
as there are still many unexplained phenomena. 

In the present study a number of common soil fungi w(Te found to be 
antagonistic to Ophiobolus graminis in oiu‘ or more' ways and^some 
w(‘re stimulatory. Some fungi, Triehoderma Ilgnorurn^ for example, 
seemed capable of direct parasitism; others uiuIcm* ciTtain conditions 
produced growth substances distinctly injurious to O. graminis; 
and still oUhus produced byproducts mark(‘dly stimulatory to O. 
graminis. Sonu* were capable* of (‘itli(*r injury or stimulation, d(*- 
])ending on the parti(‘ular set of conditions under whi(*h tlu‘y W{‘re 
giown. Under a giv(‘n s(‘t of conditions, one soil fungus was distinctly 
antagonistic to 0. graminis whereas another was beneficial. Under 
another set of conditions the effects were reversed. In the light of 
this information, it may be concluded that the applications of certain 
soil amendments may enable some very common soil fungi to produce 
byproducts either antibiotic or probiotic* to 0. graminis. 

Under the conditions of the (experiments at least one fungus 
(Bhizopus nigricans) prodiueed t4>xic substances during its early 
growth and markedly stimulatory substances later. 

It seems entirely probable that there are several different byproducts 
of fungus growth capable of inhibiting development of Ophiobolus 
graminis^ as such substances arc produc(*d from different materials 
and by different fungi. Furthermore, th(* production of the by- 
products is affected differently by certain physical changes. 

The fragmentary evidence obtained in these studies indurates that 
the metabolism of the soil fungi studied differs widely. For example, 
Bhizopus nigrkans was unabh* to grow in Czapelc\s solution with 
sodium nitrate as a source of nitrogen, but it made satisfactory 
growth wh(*n the nitrogen was from other sources. In the same 
experiment, Trichoderjna lignomm was unable to grow in Czapek^s 
solution with ammonium chloride as a nitrog(*n source but it made a 
normal growth when other compounds wen* the soui*ces of nitrogen. 

It may be noted also that GUocladium fimbriaturn and Bhizopus 
nigricans reversed their positions in respect to production of inhibitory 
byproducts in potato-d(»xtrose solution in the (*xpeiim(*nts rt'ported 
in tables 1 and 3. In partial explanation of this seeming discrepancy 
it may be stated that the 10-day period of giowth us(*d in the latter 
experiment was probably too short for maximum production of in- 
hibitory substances from potato-d(*xtrose m(*dia by G. fimbriaturn.. 
This fungus, which grows rather slowly, required a 2()-day growth 
period for maximum production of toxic substam^es in potato-dextros(^ 
solution, whereas B. nigricans, which gi’ows rapidly, re(iuired only 
5 days to reach maximum production of the inhibitory substances in 
the same medium. After 15 and 20 days^ growth in this medium, 
however, it was found in several tests to be producing stimulatory 
byproducts. 

The marked stimulation of the growth of Ophiobolus graminis 
caused by byproducts of Bhizopus nigricans grown in Czapek's 
solution with ammonium nitrate as a source of nitrogen is of much 
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interest. The small quantity of growth solution added could not 
have furnished any large amount of food. Stimulation must have 
been in the nature of a hormone, or a ‘‘bios.’' Soil fungi parasitic 
or inhibitory to other soil fungi have been reported by Weindling 
(fjf), who also wrote an extensive treatise on association effects of 
fungi (12). 

In artificially inoculated soil the parasitism of Ophiobolus araminis 
on wheat roots was definitely lessened by the presence of several 
other common soil fungi, as shown in table 4. Also in naturally 
infested field soil the severity of take-all usually was lessened by 
increasing the population of certain fungi, but the results were b^ss 
consistent. 

SUMMARY 

Fungi capabl(‘ of producing sul)stanc(‘s that inhibit tb(‘ growth of 
Ophiobolus grammis in pure culture and of preventing oj* lessening 
infi'ction of wheat by 0. grarnwi^ in soil were isolated from soils in 
central Kansas, both those in which O. graminis occurred and those in 
which it did not occur. 

Fungi, the byproducts of which stimulated OjMobolus grammis in 
pure culture, also were isolated. 

Among 143 species and strains of fungi tested, about 25 percent 
produced in pure culture byproducts that were inhibitory to OphU 
obolus graminis and about 10 percent produced those that were 
stimulatory. 

The production of inhibitory or stimulatory byproducts by any 
fungus varied with its stage of growth and the nature of the substrate 
on which it was cultured. Some fungi produced inhibitory byproducts 
on one culture medium and stimulatory byproducts on another. On 
the same substrate inhibitory byproducts were produced by one 
fungus and stimulatory substances by another. 

Several soil fungi decreased the pathogenicity of Ophiobolus gra- 
rninis on wheat in both artificially inoculated and naturally infested soil. 
The degree of inhibitory action in soil shown by any fungus toward 
0. graminis varied somewhat with the strain of the latter. 
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THE EFFECT OF SHORT PHOTOPERIOD ON SORGHUM 
VARIETIES AND FIRST GENERATION HYBRIDS ' 


Hy J. Qitinby, agronomist, and 11. E. Karper, agronomist in charge of sor- 
ghum investigations, Texas Agricultural Experiment Station 

INTRODUCTION 

There are numerous varieties of sorghum (Sorghum mlgare Pers.) 
grown in the United States, a score or more of which have be('n intro- 
duced and 40 or 50 of which have been produced through hybridiza- 
tion and selection. In Africa and Asia, where the sp)ecies is indige- 
nous, there an' literally hundreds of varieties. As would be expected, 
the varietal diff('rences are of many kinds and include contrasting 
characters involving glume color and texture, awns, of pc'i icarp chloro- 
plast, a^d other plant colors, types of endosperm starch, integu- 
ments, juiciness and sweetness of stem, plant height, rate of tillering, 
and duration of growth. Many of the differentiating characteristics, 
including duration of growth, have been shown to be under genetic 
control. Differences in adaptation other than those influenced by the 
known genes that detc'rmine plant response to photoperiod are also 
assumed to be genc'tic. It would be useful to know how sorghum 
varieties respond to changes in photoperiod sin(‘e such knowledge 
would furnish a basis for a genetic classification. 

REVIEW OF LITERATURE 

The literature concerning the reactions of plants to photoperiod, 
temperature, and nutrition, and the dilf(*rential response of varieties 
to identical treatments has become extensive'. It is now generally 
accepted as a fact that differences in maturity among varieties of 
many species are brought about by different reactions to environment. 

Thompson (8) ^ has reviewed the literature that shows the relation 
between temperature and v('getative and r('productiv(' dc'veloprneiit in 
plants. The work in this field shows that the prevailing t(*mperature 
may determine whether or not a plant will be photoperiodically .sensi- 
tive', According to Haniner (3), most investigators have concluded 
that if a species contains any strains that can be classed without 
(piestioii in either the long-day or the short-day group, then all othe'r 
strains of the same species will tend to exhibit ri'sponses which would 
place them in the same group. The varieties or strains of such a 
species may be arranged in a graded series according to photopi'riodic 
response with the sensitive strains at one end and the more or le^ss day- 
neutral strains at tin' other. The inference from this work is that 
the thermal requirements have not been met whenever a variety or 

* Received for publication April 24, 1947. Contribution No. 1034 from the 
Department of Agronomy, Texas Agricultural Experiment Station. 

* Italic numbers in parentheses refer to liiterature Cited, p. 300. 
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strain of a photoperiodically sensitive species does not respond to 
short (or long) photoperiods. 

Just how photoperiodism fits, if it does, into the theory of phasic 
development is not as yet well understood, as has been pointed out 
by Hamner (S). The concept of phasic development emphasizes the 
fixed sequence of the phases and the differences between the thermo- 
scoto-, and photo-phases of plant growth. Contrary to this concep- 
tion, some evidence indicates that in certain short-day species photo- 
periodic induction occurs during both the light and dark phases of a 
cycle. Also, some plants which require a treatment with low temper- 
ature have not been reported as behaving like typical short-day plants 
after low temperature treatment. 

Garner and Allard {2) showed that sorghum is a short-day species. 
Borthwick and Parker {1) found that a number of soybeans varieties, 
all of which are sensitive to photoperiod, have different critical photo- 
periods. Quinby and Karper {5) reported that all strains of milo are 
sensitive to photoperiod and that the strains which have unlike dura- 
tions of growth apparently differ from one another in having different 
critical photoperiods. 

Sorghum varieties and first generation hybrids between them vary 
greatly in duration of growth as well as in size and grain production. 
Karper and Quinby (^) have presented data in detail on several va- 
rieties and hybrids. The lateness of maturity exhibited by certain 
hybrids, exclusive of the effects due to heterosis that are discussed by 
Quinby and Karper (6*), is considered to be due to the action of com- 
plementary genes and it appears that the gene Ma is involved where- 
ever extreme lateness occurs. 

MATERIALS AND METHODS 

When work on the inheritance of genes that affect maturity in sor- 
ghum was begun at the Texas station in 1938, it soon became appanmt 
that sorghum varieties differed not only in having different critical 
photoperiods but also in sensitivity to short-day treatment. To 
investigate this point further, 12 varieties were grown in a July 3 
planting in tlie field in 1941 at the Chillicothe substation, and part of 
eacdi variety was subjected to a 10-hour photoperiod and the remainder- 
left without treatment. A similar planting of 14 varieties and 21 
first generation hybrids was made on June 30, 1942. During July 
at this latitude of 34° the sun is above the horizon for slightly over 
14 hours. The average minimum (night) temperatures at Chilli- 
cothe during July in 1941 and 1942 were, respectively, 71.4° and 70.5°F. 
The corresponding maximum (day) temperatures were 95.0° and 
99.9°. 

The plants subjected to 10-hour photoperiods were covered, from 
the day of planting until after head differentiation of all varieties, 
from 5 p. m. to 7 a. m. with boxes covered first with rubberized cloth 
and then with white sheeting. The boxes were constructed in such 
a way as to allow ventilation. The length of the short-day treat- 
rnent was 39 days in 1941 and 29 days in 1942. The plantings con- 
sisted of short rows about 8 inches apart. Seeds were planted thickly 
in order that there might be several plants for examination as seea- 
lings and at stages of growth prior to the time of floral initiation and 
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still leave four plants to grow to maturity. After the time of floial 
initiation the stand of each variety was redmjed to four plants in both 
treated and untreated plots. In a number of eases there was not 
sufficient crossed seed to furnish enough plants for examination in 
the early period of growth, which accounts for the blanks in the tabu- 
lated data. When stands were obtained as desired, four plants were 
present at maturity in a 15-inch row. The stands in the treated and 
untreatcid areas, eac.h of which oc.cupied about 45 square f(*et in 1942, 
were as nearly identical as possible. 

These small areas, which consisted of fertile soil, were watered 
several times by flooding. Close spacing and ample moisture such as 
were used in this experiment apparently have no great influence as 
a part of the environment, since the time of antliesis of the plants 
under normal day length appears to be within the normal range for 
the various varieties. Plant size, however, was greatly reduced from 
that of plants grown in 40-inch rows and 8- to 12-inch spacing. The 
small plants in the close spacings had the same leaf number as those 
in wide rows. It appears that close spacing itself does not affect the 
time that is consumed in laying down an internode but it does affect 
the size of the growing point which controls the size of the leaves, 
culm, panicle, etc. Close spacing also retards tiller development. 

Th(^ fifth and tenth leaves were pc^rmanently identified by small 
tags placed around the stem above the leaf. Each plant w^as tagged 
on the day of first anthesis. 

The figures that appear in tables 1 and 2 were obtained in the fol- 
lowing manner. Plants were examined for floral initiation each day 
after the twentieth. The first day on which a llorally inducted heatl 
was found was designat(*d as the day of head diflerentiation. The 
figures for days to first antesis and number of leaves were taken from 
the plant that was selected arbitrarily as being most representative 
of the four that grew to maturity. To determine whether floral 
initiation had taken place, plants w^ere split with a pocket knife and 
(he growing points examined under low magnification. 

EXPERIMENTAL RESULTS 

Data on number of days from planting to head difiVnuiliation, lirsl 
anthesis, and number of leaves of the varieties and hybrids under l)oth 
normal and 10-hour photoperiods are presented in tables 1 and 2. 

It is quite evident that there are differences in sensitivity to 10-houj* 
photoperiods. In 1941 the sensitive varieties differentiated their 
heads on the twenty-third day and in 1942 on the twent 3 ^-first to 
twenty-third day. This sensitive group of varieties consisted of both 
milos. Spur and FC 811 feteritas, both hegaris. Freed, California 
White durra, both kalos, Bonita, Bonar durra, and shallu. Manko 
was a little less sensitive to 10-hour photoperiods than the group just 
mentioned but was more sensitive than Blackhiill kafir. Sumac, 
Bishop, and Lemon Yellow. Dwarf broomcorn was the one variety 
that failed to be affected by 10-hour photoperiods in either year. 
However, Texas Blackhull kafir was unaffected in 1942, the only year 
in which it was grown. 

The number of days to first anthesis and leaf nurnlxT are a reflec- 
tion of the relative time at which head differentiation took place. 
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Table 1. — Effect of lO^hour photoperiod on time of floral initiation, leaf number, and 
time of anthesis of sorghum varieties planted July 3, 1941, at Chillicothe, Tex, 


Serial No. 

Variety 

Number of days from 
planting to— 

Number of 
leaves on 
mature plant 

Hoad differen- 
tiation 

First anthesis 

Short 

day 

Normal 

day 

Short 

day 

Normal 

day 

Short 

day 

Normal 

day 

SA 6043 

Sooner milo - 

23 

1 

32 

43 

49 

11 

13 

TB 26243-276 .. 

Texas milo- . 

2:1 

39 

47 

68 

11 

18 

SPI 34911 _ . . 

Hogari 

23 

48 

47 

77 

13 

18 

FC 16207. 

Kalo 

23 

39 

47 

64 

11 

17 

BA 208 - 

California White durra 

23 

34 

61 

56 

13 

14 

FC 6601 

Spurfeterita 

23 

36 

56 

66 

16 

19 

SPI 29166 

Freed - . — 

23 

32 

46 

61 

10 

12 

FC 8991 

Manko 

26 

47 

60 

77 

12 

17 

FC 8993 

Bishop - 

28 

39 

61 

71 

14 

17 

BPI 36038 

Sumac 

29 

39 

(U) 

66 

14 

16 

FC 6607 ... 

Blackhull kaflr 

29 

39 

59 

69 

14 

16 

SPI 30204- 

I)warf broom corn 

39 ! 

39 

68 

68 

16 

16 


Table 2. — EJffect of 10-hour photoperiod on time of floral initiation leaf number, and 
time of anthesis of sorghum varieties planted June 30, 194^J, at Chillicothe, Tex. 


Serial No. 

Variety or hybrid 

Number of days from 
planting to— 

Number of 
leaves on 
mature plant 

Hoad differen- 
tiation 

FirsI anthesis 

Short 

(iay 

Normal 

day 

Short 

day 

Normal 

day 

Short 

day 

Normal 

day 

FC 8976 

Sooner milo 

22 

27 

49 

49 1 

H i 

16 

TS 26243-276. . 

Texas milo — .. 

22 

30 

46 

66 

13 ! 

17 

SA 281 

Early hegari. _ . . 

21 

.30 

44 

71 

11 

13 

SPI 34911 

Hegari .... .... 

22 


46 

78 

12 

16 

FC 16214 . .. 

Early kalo 

21 

27 

46 

6:i 

8 1 

12 

FC 16207 

Kalo - ... 

22 

29 


60 

11 

14 

FC 811 

Feterita . 

21 

27 

46 

49 

11 

16 

FC WKll 

Spurfeterita. . .. . 


27 

64 

62 

14 i 

16 

SPI 56128 - . . 

Bonar durra 

22 

27 

61 

61 

13 i 

16 

SA79. . ... 

Botiitu . - 

22 

27 

46 

51 

13 

16 

Agros. 2660 -- 

Shallu - 



64 

76 

16 

18 

TS 24929 

Lemon Yellow 

27 

70 

66 

no 

13 1 

22 

FC 8962 

Texas Bli«jkhull kaflr 

29 

29 

60 

60 

14 

14 

SPI 30204 .... 

Hwarf broomcorn 

29 

29 

67 

M 

13 

14 

SA 1677 

1'oxas Blackhull kaflr x Sooner milo 

23 

25 

62 

62 

12 

16 

SA 1678 

'^Pexas Blackhull kaflr x Texas milo . 

23 


62 

79 

14 

22 

SA 1694 

Bonita x hegari 

24 


.50 

80 

13 

22 

SA 1595 

Bonita X Early hegari 

22 


46 

79 

14 

24 

SA 1.596 

Early hegari x Sooner milo 

21 


41 

83 

11 

20 

SA 1698 

Hegari x Sooner milo 

21 


42 

80 

II 

17 

SA 1597.. 

Early hegari x Texas milo 

22 


43 

80 

13 

23 

SA 1699 

Hegari x Texas milo 

22 


46 

82 

12 

23 

SA 1600 

Spur feterita x Sooner mUo 

21 

27 

46 

52 

13 

16 

SA 1602 

Feterita 81 1 x Sooner mUo 

22 

26 

43 

45 

13 

16 

8 A 1601 

Spur feterita x Texas milo 

22 


48 

78 

13 

22 

8 A 1606. 

Early kalo x Sooner mi^o 

* 22 

1 27 

48 

51 

12 

16 

SA 1607 

Kalo X Sooner milo 

22 

27 

44 

49 

11 

14 

SA 1608 

Kalo X Texas milo 

22 

31 

44 

67 

12 

16 

SA 1698 

Bonar durra x Texas milo 

22 


43 

80 

12 

22 

SA 1585 

Texas Blackhull kafir x hegari 



52 

1(X) 

13 

21 

SA 1687 

Texas Blackhull kaflr x kalo 

... 

27 

46 

52 

12 

14 

SA 1688 

Texas Blackhull kaflr x Maizola .. . 

27 

27 

52 

58 

14 

16 

SA 1589 

Texas Blackhull kaflr x Manko . . 

27 

27 

63 

66 

14 

16 

S A 1691 

Texas Blackhull kaflr x Bishop. . . 

27 

28 

66 

58 

14 

18 

SA 1582 

Texas Blackhull kaflr x feretita 811. . 

22 

26 

44 

62 

13 

16 
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The data, wliile conclusive, do not appear to lie entirely consistent in 
('-very particular. Some deviation should he expt'cted since the figure's 
on head differentiation were obtained from plnnts that were destroyed 
and the figures on an thesis and leaf number from other plants that 
pew to maturity. However, the larger number of leaves produced 
by feterita than by other varieties in the same length of time is typical, 
as was shown by Sieglinger (7). 

Ey(5ry first generation hybrid differentiatc'd its head along with its 
sensitive parent. The characteristic of being sensitive to short 
photoperiod, therefore, acts as a dominant. The only hybrids that 
approached the nonseiisitive parent in latenc^ss of head differentiation 
were those with two nonsensitive panmts. 

DISCUSSION 

It is assumed that semsitivity to photoperiod indicate'? that the ther- 
mal requirements of the variety have been met . Likewise, it is assumed 
that the various d('grees of insensitivity indicate that the thermal 
requirements have been met only partially or perhaps not at all. It 
It was with this idea of sensitivity to photoperiod in mind that thc 
sorghum varieties included in this study were classified into sensitive 
aiul nonsensitive varieti(»-s. A variety is ('onsidered to be sensitive, 
therefore, if, under lO-hour photoperiods, it differentiates its lu'ad, 
or is florally inducted, in about 21 to 23 days. It is nmlizc'd that the 
number of days would vary slightly if elements of the environment 
other than photoperiod are variable. 

Since Texas milo is a later maturing variety than Sooner milo, 
administering 10-hour photoperiods reduces the time to fii*st anthesis 
by approximately 20 and 0 days respectively^. This difference is not 
considered to be due to a difference in sensitivity but conu's about as 
a result of the fact that Texas milo and Sooner milo have different 
critical photoperiods. If this assumption is true, critical photoptuiod 
and sensitivity to photoperiod are distinct manifc'stations. The 
differences in maturity and adaptation that characterize the early 
and late maturing strains of a variety and that result from differences 
in critical photoperiod are reasonably well understood, but the differ- 
ences in maturity and adaptation between sorghum varieties that result 
from differences in sensitivity to photoperiod are not well understood. 
Differences due to unlike critical photoperiods are such as those 
between Texas and Sooner milos or between Kalo and Early Kalo; 
differences du('. to unlike sensitivity to photoperiod are such as those 
between Sooner milo and Blackludl kafir. Differenc'es in critical photo- 
period differentiate between strains of a single variety, whereas 
differences in sensitivity differentiate between varietic's. The three 
Ma genc's whose inheritamte has been worked out in milo {5) all in- 
fluence the critical photoperiod. The inheritance of a gene or genes 
that influence sensitivity to photoperiod has not been imported, but 
the differences in inheritance are not simple as in the case of genes that 
influence critical photoperiod. 

It was observed in tliis and previous studies that once a head is 
initiated, the size of plant or time to anthesis was fixed even though 
the plants were not subject to short photoperiod after head initiation. 
The treated plants produced normal spikelets that bloomed normally 
and produced a normal set of seeds. 
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Tillering was greatly reduced by short-photoperiod treatment. As 
short-photoperiod treatment was discontinued after floral initiation, 
many plants of tillering varieties tillered even at that late stage. 
Such tillers were not affected by the fact that the main plant had been 
florally inducted but grew into large tillers similar to those that develop 
normally. 

Another observation of interest is that in an occasional plant, 
induction of flowering was delayed a day or two as compared with 
other plants of the same variety. If short-photoperiod treatment 
was then discontinued, a plant not florally inducted would continue 
to lay down leaves and would develop into a plant that, to all appear- 
ance, had never been subject to short photoperiods. 

SUMMARY 

Nineteen sorghum varieties and 21 first generation hybrids were 
grown from midsummer plantings at Chillicothe, Tex., and subjected 
to both normal and 10-hour photoperiods. 

Sorghum is a short-day species, but the varieties in this study ex- 
hibited differences in sensitivity to 10-hour photoperiods. Most 
varieties, including the milos, kalos, hegaris, feteritas, California 
White durra, Bonar durra, Bonita, shallu, and Freed were sensitive. 
Manko was a little less sensitive than these varieties but was more 
sensitive than Blackhull kafir. Sumac, Bishop, and Lemon Y<»llow. 
Dwarf broomcorn in both years and Texas Blackhull kafir in the 
second year were unresponsive tn the short-day treatment. 

All first generation hybrids were hastened in maturity when sub- 
jected to 10-hour photoperiods if one parent was sensitive. Sensi- 
tivity to short photoperiod, therefore, is a dominant characteristic. 
Hybrids that were relatively insensitive to short photoperiods always 
had two relatively nonsensitive parents. 
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IRREGIJLARITIES IN A HYBRID BETWEEN TRITICUM 
DURUM AND T. PERSICUM * 

By Luthek Smith 

Formerly associate geneticist^ Division of Cereal Crops and Diseases, Bureau of 
Plant Industry^ Soils, and Agricultvral Engineering, Agricultural Research Adminis- 
tration, United States Department of Agriculture 

INTRODUCTION 

It is rather generally believed that, witli the exception of crossi's 
involving Triticum timopheeoi Zhuk., hybrids betw(‘cn siiecies of wheat 
with the same number of chromosomes are about as normal as indi- 
viduals of the parent species. However, several writi^rs, including 
Aase, ^ Thompson and Robertson, ^ and Hosono, ^ havc^ reported 
irregularities in certain hybrids. During 1941 and 1942 the writer 
obs(^rved various abnormalities in 67 plants of a hybrid b(‘tween two 
species of tetraploid wheat at Columbia, Mo. These irregularities are 
briefly describinl h(u*ein. 

MATERIAL AND METHODS 

The species of wheat used in the (toss were Triticum durum Desf. 
(a=14) variety Kubanka and T. Vav. ( 7 / = 14). Most of 

the observations werc^ made on plants of the parents and tlu' hybrid 
started simultaneously in a greenhouse in early D(‘cember 1941 and 
in early February 1942. 

Cytological observations were made on acjetocarmine smears made 
permanent by a tertiary butyl alcohol method described by Sears. ^ 
Photomicrogi’aphs were taken of these permanent preparations and 
of fresh pollen stained with an aqueous solution of iodine. 

MACROSCOPIC AND MICROSCOPIC OBSERVATIONS ON PARENTS 

AND HYBRID 

The parents and Fi plants developed at about the same rate. At 
maturity the height, number of culms, and seed production of each 

^ Received for publication May 12, 1947. This work was earned out in coop- 
eration with the Missouri Agricultural Experiment Station. Contribution from 
the Field Crops Department, Missouri Agricultural Experiment Station, Journal 
Series Paper No. 1016. 

2 Aase, H. C. cytology of triticum, secale, and aegilops hybrids with 
REFERENCE TO PHYLOGENY. Wash. State Col., Res. Studies 2: [l]-60, illus. 
1930. 

2 Thompson, W. P., and Robertson, H. T. cytological irregularities 

IN HYBRIDS BETWEEN SPECIES OF WHEAT WITH THE SAME (’HROMOSOME NUMBER. 

(Jytologia 1: 252- 262, illus. 1930. 

^ Hosono, S. karyogenetischb studien bei reinen arten i^nd bastarden 
DER EMERREIHE. I. REIFUNGSTEILUNGBN. Jap. JoUr. Bot. 7: [301]- 322, illUK. 
1935. 

* Sears, E. R. chromosome pairing and fertility in hybrids and amphi- 
DiPLOiDS IN THE TRiTiciNAE. Mo. Agr. Exi)t. Sta. Ros. Bul. 337, 20 pp., illus. 
1941. 
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plant W(MT recorded. These data, summarized in table 1, grive little 
indication of heterosis in the Fi plants as measured by the three 
(Tit(»ria. The seed produc^tion of the F, plants was even less than 
that of the parents. Tlu' reduction probalily was due to the greater 
sterility of the hybrid plants. 

The relative fertility of the 2 species and the Fj hybrid is shown in 
table 2. The hybrid plants had 3 times the percentage of sterility 
of Triticum perswum and more than 10 times that of T. durum. 


Table 1. — Average height, number of culms, and seed production of plants of 
Triticum durum., T. persicuni, and the F\ hybrid 


stock 


T. durum . 

T. persicum 

T. durumX T. perncum 


Plants 

ob,s€‘rvcd 

j 

Height 

Culms 

Seed 

produc(‘d 

Number 

CeutimeterK 

Ntiviber 

Grams 

Vi 

127 

4.7 

0 m 

12 

107 

0 0 

0 00 

J2 

120 

b.7 

fi bii 


Table 2. — Fertility of plants of Triticum durum, T. persicurn, and the F\ hybrid 


Stock 

Plants 

Florets 

obscTved 

With s('cds 

Without stH'ds 

T durum 

T. perstcum 

T. durum X T, persicurn .. .. . 

Number 

0 

H 

0 

Number 

010 

H40 

m 

Percent 
08 1 
02 8 
78 5 

Number 

12 

Ofi 

100 

Percent 

1 0 
7.2 
21 fi 


Observations on mature pollen revealed a similar relation. About 
39 percent of the pollen in the hybrid plants was visibly defective as 
compared with 11 percent in Triticum persicurn. and 5 percent in T. 
durum (fig. 1 and table 3). 

Table 3. — Pollen counts on plants of Triticum durum, T. persicurn, and the F\ 

hybrid 


Stock 

Plants 

Pollen grains filled with starch as indicated- 


observed 

Well filled 

Partially filled 

Empty 

T. durum . . . . 

T. persicurn.. . . ... 

T, durum X T. persicurn . . . 

Number 

’i 

2 

3 . 

Number 

J,l8fi 

820 

097 

Percent 
04 0 
80.1 
00. 0 

Number 

21 

14 

149 

Percent 

1.7 

1 5 
0. 1 

Number 

40 

87 

499 

Percent 
i 7 
9 4 
30. 3 


Cytological observations on microsporogenesis revealed irregularities 
in the Fi plants (table 4). The most conspicuous abnormality was a 
quadrivalent which was present in each pollen mother cell (fig. 2). 
In about one-third of the pollen mother cells the quadrivalent occurred 
in the form of a chain. From the observations of Thompson and 
Thompson ® it appears that the greater sterility in the hybrid (table 2) 

• Thompson, W, P,, and Thompson, M. G. reciprocal chromosome trans- 
locations WITHOUT SEMI-STERILITY. Cvtologia (FujU Jubilaei Vol.) 1937: 
336-342, illus. 1937. 



Doc. 1, ir», 1047 


Irregylarities m a Triticurn Hybrid 


303 



Fir.URE 1. — Mature pollen stained with 
{T. dvrurti X T. pet'sicum). Note tl 
smaller and that a greater proi)ortion 
X 70. 



iodine: A, Tritinun durum: li, Fi hybrid 
lat the pollen grains of the hybrid w(‘re 
of them were incompletely filled or empty. 


Table 4. — Cyiologiad observalions on meiosis in Trilicinu dufuiu^ T. persirurUy 

and the Fi hybrid 


Micro.sporocylos with arraiipoiiioul of ehroinosoinos us 
indioatod — 


Stock 


Open bi\alents 


I'liivalenth 


Quadri- 

valents 


Quartets with iiiicronuclei 


7’. durum 
T. peraicum . 
T. durum X 
T. persi- 
cum 


0 

> 

2 

3 

4 

Num- 

Num- 

Num- 

Num- 

Num- 

ber 

ber 

ber 

ber 

ber 

39 

18 

9 

0 

0 

13 

22 


3 

* 

20 

19 

20 

9 

1 


0 

2 1 

1 

1 0 

L . 

1 

0 ! 

Num- 

Num- 

j 

Num- 

Num- 

ber 

ber 

ber 

ber 

ber 

H6 

0 

Wi 

0 

m 

40 

0 
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probably cannot be attributed to the quadrivalent. Open bivalents 
also were more common in the hybrid than in the parents (1.3 per cell 
as compared with 1.1 per cell in Triticurn pcrsmim and 0.55 in T, 
durum). Univalents were rare in the hybrid, but none was observed 
in the parent species. There was no indication of inversions in the 
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chromosomes of the Fi plants. Micronuclei in the quartets resulting 
from the second meiotic division were about equally frequent in 
T, persicum and the Fi (table 4). In both they were about four times 
as frequent as in T. durum. 



FifJTTRE 2. — Pollen mother coll of Tritivum durum at first meiotic metaphaso. 
Note the 14 closed bivalents and the tiny fragment (arrow) which was also 
regularly present in this i)lan( . li. Pollen mother cell of T. durum X T. persicum 
at first meiotic metaphase. Note the chain quadrivalent and the 12 bivalents, 
of which 1 is open. O', Pollen mother cell from the same individual as li, showing 
a ring quadrivalent and 3 open bivalents. X 850. 

A fragment similar to that in figure 2, A. has been observcMl by the 
writer ^ in common wheat. 

In addition to the irregularities mentioiKnl, there were other but 
less definite abnormalities in the Fi plants. Metaphase plates were 
not neat and orderly. The chromosomes were not well-aefined and 
regular in outline, and the bivalents and the anaphase chromosomes 
were frequently stuck together. In general the pollen mother cells 
of the Fi plants presented a more disorderly appearance than those of 
the parent plants, although lagging and. loss of chromosomes or 
formation of bridges at first anaph&se did not appear to be any more 
frequent in the hybrid plants than in the parents. 

DISCUSSION 

It is evident that the stocks of Triticum durum and T. persicum 
used in this study had differentiated in other ways than morphologi- 
cally. It would be surprising if this were not so. In most cases the 
accumulation of differences that characterize these and other species 


^ Unpublished observation. 
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could take place only if aided by geographic or genetic isolation. This 
differentiation exhibited itself in chromosomal irregularities, partial 
sterility, and possibly other irregularities in the hybrid plants. Such 
disorders probably act with linkages in interfering with the transfer 
of characteristics such as quality, disease resistance, wintc'i* hardiness, 
and yield from one species to another, even though the species have 
the same number of chromosoines. 

In a number of respects Triticum perswum was intermediate between 
T. durum and their hybrid. T. persicum had more defective pollen, 
greater sterility, and a higher frequency of meiotic irregularities than 
T, durum. The irregularities in T. persicum and tlu*. hybrid were 
probably due to both genetic and physiologic causes. 

The apparent absence of heterosis in this species cross is of interest- 

SUMMARY 

Observations on plants of a hybrid between two tetraploid species 
of wheat {Triticum durum and T. persicum) revealed a number of 
irregularities, although the number of chromosomes in tlu' two spe(‘.i('s 
was the same. Meiotic abnormalities included a quadrivalent and 
other but less rc'adily analyzable peculiarities. Plants of the hybrid 
(exhibited no evidence of heterosis ' and were partly steiile, possibly 
because of physiologic as well as genetic factors. It is probable that 
such irregularities in hybrids between species with the same number 
of chromosomes are more common than is generally r(»cognized. 
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